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'' The time is not far diatomt when science and manipulative skill must he 
joined togetJier,** — Humboldt. 

' ' WluUewer we wish to see introduced into the life of a nation must first he 
introduced into our schools,^* — Humboldt. 

" YThat we need in this country is a correct public opnnoN on the relation 
^f education to indtistry,** — Judge Mc Arthur. 

** No scheme of technical education is likely to he seriously entertained which 
will delay the entrance of hoys into working life or prevent them from contribu- 
Ung to their oum support as early as they do at present,*^ — Huxlet. 



PEEFAOE. 



The solicitations of several prominent citizens of Balti- 
more, earnestly interested in its welfare, and of other friends 
specially concerned in the development of our American 
railroad system, who, after examining the manuscript of 
this report, believed that the data therein contained would 
materially and beneficially affect the educational work of 
Baltimore and of our railways generally, have determined 
me to give these pages a wider circulation than merely 
among the officials of the Baltimore and Ohio Railroad 
Company, for whose information they were primarily 
written. 

In doing this I should much prefer re-arranging this 

[ data, 60 that the publication might show no relation what- 
ever to the Baltimore and Ohio Railroad Company, but 

I other demands upon my time prevent this revision. 
Though, for this reason, material collected for my own 
purposes and deductions therefrom are embodied in an 
official report, it is to be distinctly understood that no one 
but the writer stands committed to the statements or 
views therein contained ; the responsibihty for which he, 
as a private citizen, solely accepts. 

W. T. BARNARD. 
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Service Report on Technical Education, 



SPECIAL REFEKEKCE TO BALTIMOEE k OHIO B, R. SEKVICE. 



Baltimore, October Ist, 18S6. 
Mr. Robert Gahhett, 

president Baltimore S Ohio Railroad Company. 

Sir:— 

June 7th, 1881, the General Counsel of the 
Baltimore & Ohio Raih-oad Company invited your attention cow^e"n ™com" 
to a scholarly and thoughtful address on technical educa-iiahmaaiuK 
tion, delivered before the Maryland Institute, June 4th, hy •^'^^',^[=,^^['^ 
Hon. S. Teackle Wallis, and, referring especially to m much 0^^""^* "' 
thereof aa related to the establishment in Baltimore of a 
technical achool for scientific and mechanical instruction, 
Mr. Cowen said ; 

" I have always tliounht that the Baltiwoxe & Ohio Railroad Oorapan^ did 
not have enough of oducated talent in its service, and that, among its artisans 
and mechanic's, tberetshoulU be more suientlflo knowledge than can nuw be fniind 
in onr various departments. 

" It strikes me that there is no one in the city ao much interested in the estab- 
lishment of such a schout as Mr. Wallis indicates in coanectioa with the Mary- 
land Institute OS the Baltimore & Ohio Railroad Company. 

"I presume you have a hundred or more appreiitioea at Mount Clare, and 
have thousands of artisans alonj; your entire road, who should have received a 
first-class education at some technologioal school, who have never received any 
such education at any place of instruction, and hare simply an empirical knowl- 
fidge gained from pracUcal work. 

" As Mr. Wallis justly says, the 'practical man,' so called, has had Ills day, 
and is fast going to the wall under the law of the ' survival of the Uttent.' 

"On all mechanical subjects there is an amoimt of learning which can bo 
obtaiiied fi'om schools, and cannot be obtained in any other way, and beyonil 
question the Railroad Company should endeavor to avail itselC of the class of 
men who have had this early training. 



" There is no way in wliieh this could be so well done as b_y hnvinE a cvm- 
patent teehnologrual school in the city, the stwdents ol which could be taken into 
oar service from time to time, on-d wonld certainly elevate it very much bj the 
Hpplicfttion o[ the lenming derived from skiltnl iostraclors. 

'■ I wish you would loolt at the eubject, both as an olBeer and a citizen, and 
see whether there ia any way in which you can aid in the estoljlishraciil of ffiich 
a place of instruction lor the deserving artisana aud mechanics of the eity." 

I ^1 A careful search amongst the voluminous records of this 

llfcl"' Company fails to show that the necessity for a higher 
i'.' ' standard of qualifications for its operatives had, before thia 
communication, found official expression, even if it had 
engaged the attention of the Company's officers. Indeed, 
technical education in mechanic arts had then but slightly 
lu- attracted public attention in this country, except locally 
hui8 and as the result of endowed institutions for combined 
scientific and manual training, such as the schoola at 
Worcester, Troy, Boston, Hoboken, et al. ; this notwith- 
tmiQ. standing the fact that, as early as July 2d, 1862, Con- 
*'" gress — contemplating especially the promotion of practical 
education of the producing classes — had made libera! 
grants of land to the several States in aid of the establish- 
ment of schools for scientific instruction in agriculture and 
mechanical pursuits. 

Some time subsequently you requested me to make this 

subject — thus forcibly brought to your notice — one of 

■I Gar. special investigation and recommendation. My time being 

Spou" then wholly occupied in organizing the Relief Association, I 



and casual consideration, except as to some special points 
upon which reports were, from time to time, rendered — e.g.. 
upon the necessity for a laboratory for testing raw and manu- 
factured materials used in construction, and for experimental 
work in engineering and i n mechanical physics — resulting in 
'"' the establishment of the chemical and physical laboratory 
MLOta^. at Mt. Clare. Meanwhile our present Vice-President, Mr. 
Samuel Spencer, having been assigned to the direction of the 



physical operationa of the service, was enabled to coiTCct 
many (and to favorably influence other) practices which 
were operating detrimentally to the Company's interests ; so 
that there aeeraed to be no special urgency fur this report. 

Since retiring from the executive management of the 
Relief Association I have, as press of other engagemente 
permitted, given the subject of technical education in its 
RELATION TO RAILWAY SERVICE " the special investigation 
and «lvdy " you requested, and herewith submit, as briefly 
aa its importance permits, the results of my labors. 

Also, at an earlier date, taking advantage of the erection 
of a new passenger-car shop at Mt. Clare, I recommentled 
that sufficient space be included in its outbuildings to serve 
temporarilv as class-rooms for the theoretical instruction 
of apprentices, and, having been so provided, those rooms j^rU"j|'J^^ o'bp- 
are now utilized lor the Employes' Circulating Library, and mMB."^™ "' ^"^ 
for instructing classes of apprentices in accordance with the 
program announced in your Executive Order No, 6, of 
January 15th, 1885, hereto appended [Exhibit A], which 
was designed to be initiatory of the plan of instruction 
recommended in this report. 



At the threshold of an inquiry into the status of tech- 
nical education at the present day, the investigator will be 
astonished no less at the magnitude of the subject than at 
the revolution it has caused in the trade relations between „^o row'S! 
competing sections of the same, and between difierent,!i?glCT?8duo 
countries ; always in favor of those utilizing its efficient 
aid. One has only to peruse, in the leading English and 
Continental newspapers and periodicals, the legislative de- 
bates, governmental, mnnicipal and trade reports and edi- 
torials on this subject, constantly published, to realize the mwBBiw 
overshadowing importance which, in Europe, ia now at- ""•"r, "o. 
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tached to technical instruction, not only by manufacturing 1 
and commercial interests directly affected by it, but per- 
haps to a greater degree by the foremost statesmen and 
political economists of the day ; as witness the writinga 
of such noted authorities na Profs. Huxley, Ayrton, 
Siemens, Kennedy. Solly, et al.. the debates in Parliament, ' 
and the attempts of Prince Bismarck, of Germany, of ] 
Lord Salisbury and other English treasury officials, to 
solve, through its agency, the great siacial prolilems affect- 
ing the masses of their densely populated countries. 

In order to acquire such thorough knowledge of what 
has been, and is being, done in this field as would enable 
me to make intelligently the recommendations called for, 
it liecame necessary to study an extensive literature, and 
also, by inspection of home and foreign schools, by per- 
sonal investigation among the principals and workmen of 

1 those accessible corporations and firms enforcing technical 
instruction of a practical character, and by witnessing 
their methods of applying it, to determine its economic 
results. In this work I was ably assisted by Messrs. 
C. W. Scribner and G. P. Coler, who, upon the inaugura- 
tion of class instruction for apprentices, were appointed 
instructors at Mt. Clare. The principal schools and 
places visited and inspected in the performance of this 
duty were: Stevens Institute, Hoboken, N. J.; Massa- 
chusetts Institute of Technology, Boston, Mass. ; Worces- 
ter Free Institute, Worcester, Mass. ; Columbia College, 
N. Y. ; Cooper Union, N. Y. ; Philadelphia Manual 
Training School, Philtidelphia;' Spring Garden Institute, 
Philadelphia: Chicago Manual Training School, Chicago ; 
Maryland Institute, Baltimore ; Baltimore Manual Training 
School, Baltimore. Abroad, at London, the Central Institu- 

" tionofCityandGuilds of LondonInstitute,Finsbury College, 



Young Men's Polytechnic Institute and the Birbeck Insti- 
tute ; at Manchester, Mather & Piatt's Workshop School, 
Owens College and the Manchester Technical School ; at 
Oldham, the School of Science and Art ; at Leeds, York- 
shire College ; at Newcastle, the Etswick School of 
Science, connected witli the extensive works of Sir William 
Armstrong & Co. ; at Bradford, the Bradford Technical 
College; at Nottingham, the University College and the 
People's College ; at Glasgow, the College of Science and 
Art, Allan Glen's Institution and Anderson's College; at 
Edinburgh, the Science and Art Museum; at Crewe, the 
Science School of the London & Nortliwestern Railway 
Company ; at Paris, the School of Arts and Trades ; at 
Nuremberg, the Royal Industrial School ; at Munich, the 
Royal Industrial School and the Polytechnic School ; at 
Zurich, the Polytechnic School ; at Mulhouae, the Trades 
School, the Professional School and the School for Spin- 
■ ners and Weavers. 

It is therefore to be understood that the recommendar 
tions herein contained for the application of technical 
instruction to our own service are founded on careful 
investigation and study of technical institutions at home 
and abroad. Recognizing that a more forcible and con- 
clusive presentation of such a complex subject would be^gf^ 
secured by the citation of pertinent facts and conclusions Sere" 
reported by or drawn from the experience of those who, 
by reason of special training, study or unusual facilities 
of observation, are acknowledged to be competent authority 
on the subject, rather than by advancing personal views, 
I have, in the preparation of this paper, freely used parlia- 
mentary and U. S. Governmental reports, and other 
authoritative publications on technical instruction. 

Our researches — which, it will be noticed, have com- 



iDiliiBtrlal uad 



paseeil a broad field — have so impresaed me with the ■ 
™ vital imixirtance of technical education, not only to the B. 
& 0. Company, but to other industrial and commercial 
' interests of Baltimore, and the Ifnited States in general, 
and with the almost universal ignorance of its potency 
displayed by those in our community whom it would 
most beneficially affect, that I have deemed it a duty to 
collate the salient reaulls of our labors into a form that 
may possibly exert a favorable influence ujxin other inter- 
ests besides that in whose behalf those labors were under- 
taken. To do this effectively such a report must take a 
much wider range than was originally contemplated, and 
even then the magnitude of the subject is such that it can 
only be considered a sTeetch ; but it is hoped its matter will 
compensate those interested in the subject for its length : 
the uninterested would not peruse a less elaborate state- 
ment. 

For obvious reasons this report is divided into, firstj a 
sketch of the effects of technical education in Europe ; 
second, a review of itB progress and present status in the 
United States ; the third part will show the need of more 
thorough and extended technical instruction in Baltimore; 
the fourth, the advantages which the B. & O. Company, 
in common with other railway interests, would derive from 
a thorough system of this character; and the fifth offers 
a program for inaugurating systematic technical instruction 
in our service. 
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EFFECTS OF TECHKICAL IHSTRITCTIOH IK EUEOPE. 
, In Europe the necessity of technical education for indus- 
trial laborers, felt and freely acknowledged many years 
ago, was forced into prominence through the increasing 
rivalry between manufacturers and other producers com- 



peting with like articles in the same markets. In order 
to counterbalance the advantag^^'S some engaged in a given 
industry enjoyed through the possession of cheaper raw 
material, labor, prestige or favorable situation, their com- 
petitors of foreign — and even of the same — nationality 
were compelled to look to improved methods of manu- 
facture or production for ability to hpld their own, and 
were thus brought to realize that educated labor and 
technical skill were the soundest elements with which to 
defend themselves in trade competition, in that they pro- 
mote excellence of execution, inventiveness, enterprise, 
and all the qualities required to successfully conduct pro- 
gressive industries. Under this pressure producers and 
manufacturers, through their guilds and other associa- 
tions, were soon able to exert an influence upon their govern- 
ments which has resulted in every European nation's making 
greater or less provision for public industrial education; 
until at this time not only England, Frajice, Germany, |„J^ 
Austria, Switzerland, Holland and Italy, but all the minor ""^ 
Continental States, have their governmental schools for 
both elementary and higher technical instruction; and even 
Russia — so far behind all other nations of Europe in 
elementary education — has found it necessary, in order to 
maintain her home industries, to make quite liberal pro- 
vision for the maintenance of mechanical and manufac- 
turing schools, and has established two great Imperial 
technical institutes — one at St. Petersburg and the other 
at Moscow — which are classed aa amongst the finest in 
Europe in point of equipment and ample means. The 
encouragement which that government ia giving industrial 
education has been supplemented by the action of leading 
Russian railroads, which have established schools for their 
people at their principal works. 



While in France will be found the best exampi 
what may be termed higher elementary schoolsj in which 
the children of artisans, small shopkeepers, etc., are 
afforded opportunities of obtaining an education which is 
technical in so far as their studies are specially directed 
towards the requirements of coraraercej mechanical or 
manufacturing industries, and while in nearly all the 
modern French schools — of which that at Rheinis may be 
taken as the best type — the laboratories for teaching 
practical chemistry, and the equipment of other special 
departments which teach the technology of the trades form- 
ing the staple industries of their respective districts, leave 
nothing to be desired, it is in Germanj and Switzerland 
that the movement for industrial education has attained 
its highest development. In the latter country the British 
Royal Commissioners found the value of its technical 
schools — the beneficial results of which were elsewhere more 
ffltt'^i'Mw^in oi' l^ss problematical — distinctly illustrated in the marked 
^riaud?" improvement of manufactures; in the elevation of the 
producing classes ; in the diminution of crime ; in the 
popularization of education, and, generally, exercising a 
most important influence upon the nation's industries and 
welfare. In summarizing the results of their investigations 
in Germany, they remark that the conviction is universal 
among the German people that they can only meet the 
competition of their rivals in other countries by training 
their workmen in taste and skill, and that the prosperity 
of their industries will increase only in proportion as they 
keep up the efficiency of their schools and spread their 
influence among the workers themselves. In support of 
this conclusion, extended inquiry shows that Germany 
and Switzerland, especially, are filling up with techno- 
logical and polytechnic schools, many of them of a very 
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high standard of instruction and usefulness. The poly- 
technic institute at Zurich [Exhibit B] may be cited ae 
illustrative of thia class of Kchools, which aim to combine 
theoretical and applied instruction in all branches of 
industry where scientific knowledge and skill in applying it 
are desirable. So successfully has this plan been worked 
out at Zurich that students from all parts of the woi'ld 
seek admission to its institute; and. referring to it, the 
British Comniissioners say they had opportunity of judging 
of the advantages which it has bestowed, not only upon 
Switzerland, but also upon Germany, by the number of 
thoroughly trained scientific men it has educated who are 
now holding important positions in various industrial 
establishments which they visited. A similar institution 
^ is that at Munich. [Exhibit C] 

The direct and indirect eft'ecta of technological schools l 
upon the industries of their respective countries were, K |iSM"ciiVX"" 
immediately upon their establishment, felt to be beneficial 
in the highest degree. Their graduates were eagerly 
sought out to fill important and responsible positions in 
manufacturing and commercial establishments, many of 
which had sustained serious losses through the ignorance 
and eOnsequeut bad management of administrative officers; 
and this inquiry soon far exceeded the supply. As the 
result of this appreciation of, and demand for, skilled la^ 
borers and supervisors, many enterprising corporations, and 
even private firms, engaged in manufacturing and other 
industries dependent fur their successful operation and 
development upon intelligent direction and skilled labor, 
individually organized scientific schools and traioing classes 
in connection with their works. Some of these private 
schools excel most governmental and municipal institu- 
tions of similar character in enterprise, progressiveness 
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and immediate practical results. The conductors 
SJi"odIi- many of them claim that the best results are obtained 
Md cor- where intimate relationship between the school and 
the actual workshop is maintained, thereby facilitating 
the adaptation of theoretical training to the needs of the 
pupils and the character of the work on which they are 
engaged. As illustrative of this method of combining 
practical and theoretical education. I cite the schools in 
auccessful operation at the mammoth works of Sir William 
Armstrong at Elswick; at the great works of the London 
and Northwestern Railway Company at Crewe {where 
more than 9000 men are employed and 600 apprentices 
and youDg journeymen attend the evening classes) ; and 
that at the works of Messrs. Mather & Piatt, extensive 
iron manufacturers at Manchester. These are but examples 
of a large class of schools conducted in connection witli 
manufacturing establishments which follow this system of 
education, and it is reported that a large additional number 
of corporations and firms, encouraged by the increased 
profits realized by those who have adopted it, are arrang- 
ing to inaugurate similar instruction at their works. 
noiSSiMi ^^ ^^^ foregoing statements may contain somewhat 
startling pix)po8itions to those who have given the subject 
Blight consideration only, it may be well to cite from 
authentic testimony as to what technical education has 
accomplished. 

Crefeld, Prussia, a city of about 80.000 inhabitants, 
relies almost entirely upon the silk industry for its support, 
and its revenue therefronn amounts to more than £4,200,- 
000 (over ^20,000,000) annually. Its leading merchants 
and manufacturers unhesitatingly affirm that this great 
industry is very largely dependent for its success on the 
influence of their technical school, which is one of the 
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best of its kind in all Europe. They declare that, among 
other benefits resulting from the school, it raises the 
tone and increases the knowledge of rising manufacturers 
and foremen, and by spreading technical education broad- 
cast among industrious and ambitious artisans, very 
materially widens the field from which successful manar 
gers and specialists may be chosen. 

Mulhouee, Germany, aflbrds another illustration of the mmuiui 
fact that an industry may largely depend upon technical "'" i^^""' 
education. Its leading manufacturers claim that their 
textile museum, by its facilities for education, has exerted 
a most important and beneficial influence upon the leading 
industry of the district, some even going so far as to say 
that the trade could not in any degree prosper without the 
influence of this museum. Its principal citizens say that 
the town owes its great prosperity to the commercial and 
scientific knowledge principally acquired by its artisans in 
technological institutions, and to the commendable public 
spirit and enterprise of its citizens in promoting general 
technical education among all classes ; also that this action 
has exercised a marked influence in suppreesing trade n 
jealousies, which have almost entirely disappeared from 
this community. 

Testimony to the same effect is given by employers at 
Verviers, Belgium. They claim that technical education a 
is a great help to its industries. Their competition withj^^* 
other localities is very sharp, and the President of its'"" 
Chamber of Commerce has publicly testified that their 
chief hope in maintaining pre-eminence as spinners and 
manufacturers i-ests on the superiority and not on the 
cheapness of their productions. This community has felt 
none of the evils of the late labor troubles in Belgium. 

Chemnitz, Saxony, is another city that freely acknowl-e*'! 
edges the benefits resulting from technical education. The 
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British Koyal Commissioners declare tliat to the Cheranitz 
weaving school should be credited the varietyand excellence 
of the textile manufactures of the district. The zeal of 
the inhabitants of Chemnitz for technical education will he 
appreciated when it is stated that up to 1883 they had 
contributed over $440,000 for the support of their indus- 
trial schools. In their conversations with managers and 
foremen there, the Commissioners were informed that the 
importance of technical education was everywhere acknowl- 
edged in Saxony, One of its largest' employers said that 
the intiuence of the schools upon the industries of Saxony, 
by increasing the intelligence and skill of the artisan class, 
could not be too highly estimated. [Exhibit D.] 

In the city of Koubalx, France, considerable attention 

■ has been given to technical education. Mr. M. Carlos 
Delattre — a member of a commission appointed by the 
Mayor to investigate its effect on the industries of ^he town 
— said that during the ten years their technical weaving 
and dyeing school had been in operation, great progress 
had been made in the dyeing industry; that in every 
establishment where the sons of employers, foremen and 
workmen attended tlie classes, good results followed ; 
that in the dye-works many of the young men can now 
make their own preparations ; that there is Jess need of 
supenneiou ; that econon^y in production has resulted from 
attendance at the school; and th&t fewer mistakes have 
been made, and more retiabte and efficient loork has resulted 
from its teachings. 

1 The training school for marine engineers at Amsterdam 
was established by private enterprise, in consequence of 
the great need for skilled engineers in its merchant navy. 
Owing to the ignorance and incompetence of the men who 
had charge of the machinery of tlieir vessels, shipowners 
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of Amsterdam suffered grievous losses, until they finally 
decided to found a school for training men to take proper 
care of their steamers. The originators of this school 
gladly testify to its economic value. (Second Eeport of 
Royal Com., Vol. I , p. 112.) 

France has, of late yeais, been particularly active in 
making provision for technical education. An important p^^';;^ 
report on the wool industry of France states that so greatod™™ 
have been the mechanical improvements during recent 
years that since 1867 the cost of wool-combing has fallen 
off 25 per cent.; that since 1851 the cost of spinning has 
decreased more than half, while during the same period 
the wages of spinners and piecers have increased 40 per 
cent. The report, after stating that the improvement in 
weaving has been still greater, says; "In 1851 the goods 
were irregular and imperfect, while as early as 1878 they 
had almost attained perfection , with half the manipulation 
and double the wages paid to the workmen." 

It is commonly acknowledged by the proprietors and 
managers of mines that young men who have been edu- wtb 
cated in technological schools heat their boilers better and'"^"' 
with less coal than do the other workmen, and that their 
scientific knowledge enables them to escape manij accidenis 
and to avoid stoppage, of machinery and repairs. They are 
therefore very much sought after as firemen, and command 
higher wages than common firemen, because their services 
are more valuable to their employers. The Royal Com- 
missioners mention the fact that several of the principal 
colliery firms of Europe have organized mining schools in 
connection with their works, and so convinced are the rest 
of the Continental colliery proprietors of the l>eneficial 
effects of this character of education that like schools are 
being generally established in the coal districts. 
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The generally recognized superiority of German artiaaus 
in the construction of roofs and bridges, both as to cost of 
construction, safety and durability, is to be attributed to 
the euperior technical knowledge of her mechanics, which 

- enables them to secure the necessary stability with the 
least consumption of materiala and the minimum expendi- 
ture of labor. 

Comparing the worsted induetriea of France and England, 
the British Industrial Commisaioners admit that France 
has far surpassed Great Britain in the manufacture of 
woolen goods. They say that while English depression 

8 in the woolen trade has been attributed to two causes — 
viz. : the greater cheapness of labor in competing countries, 
as represented by longer hours and lower wages, and the 
superior technical education of their foreign rivals — the 
cheapness of labor had very little to do with the depres- 
sion, the real difference being found in the superior training 
and skill of the workmen of foreign nations, together with 
some minor local advantages on the side of the French 
manufacturers. They also say that since the establish- 
ment of a technical school at Bradford, equipped with 
various departments, qualified teachers, and the best 
obtainable apparatus and machinery for teaoliing designing, 
weaving and dyeing, the result has been that British all- 
wool goods of several varieties are taking their stand in 
English and foi-eign markets in open competition with 
those French and German goods which, but four years 
ago, seemed to enjoy almost a monopoly of public favor, and 
that, as a consequence, Bradford manufacturers are now 
operating as profitably aa their rivals in any country. 
[Exhibit E.] 

g The manufacturers of Nottingham are unanimous and 

'^'emphatic in their testimony as to the important influence 
of technical training upon their industries. They say that 
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without this training some of their art-prod uctiona could 
scarcely have come into existence. The linen manufac- 
turers of Belfast acknowledge that their ability to compete 
successfully with foreign nations in the more artistic pro- 
ductions depends on the higher training of their employes. 
The beneficial results of high scientific and technical 
"training on the chemical-color, beet-root sugar and alkali 
industries are especially noted by the Royal Commissioners. 
(Sec. Kept, Vol. T, pp. 222-9.) They say that the beet-root 
sugar manufacture, which is a great source of wealth to 
Holland and yields large profits to firms engaged in that EffMu 
business, often dividends of 100 per cent, is a striking ^^'JJJ^gj 
illustration of the rise and successful operation of a most 
important industry, depending upon the intelligent applica- 
tion of the scientific principles of engineering and chemistry. 
The firms and corporations of Europe that have been 

foremost in securing skilled workmen have been most skuieci 

successful in their enterprises. Asa result of improved jmnsuiifMiig — 
methods of manufacture and new discoveries made by 
their trained employes, large profits are often realized by 
I such employers. 

In short, it is the testimony of all who have studied the 
subject that technical schools, when rightly directed, give i^ena-n 
wonderful impulses to industrial pursuits by promoting j^^^^Ja^^J 
scientific investigation and methods. Although at first 
this influence affects only those who attend the classes, it 
soon makes itself felt throughout the entire body of work- 

I men of the community to which the school belongs, and 
the increased interest in scientific subjects on the part of 

I employes, thus developed, in turn reacts to the pecuniary 
advantage of their employers ; because mechanics who 

[have been trained in the scientific principles that underhe 



1 



16 



their handicrafts are thereby enabled to understand the 
technical publications affecting their trades, and to utilize 
new inventions and improved methods of work ; while men 
uneducated in the rudiments of science ignore such sources 
of knowledge and, quite naturally, oppose all improvements 
as innovations calculated to work injury to the laboring 
classes. Cultivate a laboring man's intelligence to a point 
where it recognizes improvements and comprehends their 
nature; his opposition ceases, and he will himself likely 
inventimprovedprocefiseSjWhic'h will inure to his employer's 
benefit. I ^• 

The truth of this is exemplified in the history of the rival 
silk industries of Lyons and Switzerland, The skill of the 
weavers of Lyons in the use of hand-looms was marvel- 
ous, but they combined no intelligence with it. for they 
had no scientific training. They clung tenaciously to 
those looms — relics of their ancestors — long after the 
introduction elsewhere of power-loomSj and thereby almost 
wrecked the silk industry of Lyons. A leading merchan.t 
of that city, in speaking of this fact, recently said : " They 
g have all, however, both masters and men, fallen behind the 
t times in enterprise, clinging to traditions and old-fashioned 
methods, while their competitors have been organizing 
factories and teaching their workpeople the use of the 
power-loom, and othes- economic inventions. During the 
last ten years Lyons has, consequently, lost very much of 
its trade." Their enterprising Swiss competitors, on the 
other hand, engaged highly trained teachers, who brought 
to bear upon their work the scientific principles taught in 
the polytechnic schools from which they graduated, and 
introduced the inventions of which they there acquired 
knowledge. As a consequence the cantons now surpass 
Lyons in many kinds of weaving and in dyeing, as they 
do other trade centres in various industries. 
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Technical education has been the means of attracting 
capital not only to specific localitieB, but to countries. ^|T™hni«i 
Indisputable evidence of this is found in Switzerland, and'"' 
notably in Zurich, the manufacturing town above cited. 
For years a technical school has beea conducted in this 
I town at govermnent expense, and when recently the 
f Federal Council was disposed to lessen the usual grant for 
fits support, the manufacturers showed, by undeniable 
[("evidence, that this single institution had in a few years 
f- heen the means of bringing capital to the country to the 
I extent of millions of pounds sterling. "/ 

Other and even more forcible illustrations of like char- 
L ftcter might be cited ad infiiiitimi. and can be furnished, if 
[■ desirable, but they are substantially covered by the British 
I Eoyal Commissioners, who, in summing up the results of 
L their study of the effects of technical education on the con- Tboar, 
rlinent of Europe [Exhibit F], say that they cannot repeat ^I'g';;'^,"^'^''] 
lioo often how strongly they have been impressed with theer-""' 
I general intelligence and technical knowledge of the masters, 
I managers and workmen of Continental industrial estab- 
llishments. They have fourid that both classes, as a rule, 
I possess sound and liberal knowledge of the sciences and 
f principles upon which their industries depend ; that they 
1 are familiar with every new scientific discovery and inven- 
I tion of importance, and can and do apply them to the de- 
I velopment of their special industries, adopting not only the 
I improvements and inventions of their own countries, but 
Kftlso those of the world at large. 

They further testify that a few years ago the question TBchni« 
Rof technical education in Ensland would have been a^pir]"'" 

IT ° ilASa lu El 

Idebatable one, but that now no argument is needed to con- 
rTince EngUsh employers of its importance; that it has 
«n tried and has given the highest satisfaction ; that in 
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trie- nearly all the great industrial centres — in the metropolis, 
;.7' in Glasgow, in Manchester, Liverpool, Leeds, Bradford, 
Sheffield, Nottingham, Birmingham, The Potteries, and 
elsewhere — more or leas flourishing schools of science and 
art, of various grades, together with numerous art and 
science classes, are to be found in successful operation, and 
that their influence may be traced in the improved pro- 
ductions of the localities in which they are placed; in 
the decreased consumption of crude material, and in, 
saving of time required for the performance of labor. 

In short, one cannot study the present condition of 
European nations without being thoroughly convinced of 
the great economic value of scientific training to their 
industries, morals, and all that tends to shape the affairs 
of the world to their advantage and to the happiness and 
prosperity of their people. 

Further testimony on the economic value of scientific- 
>^^ knowledge in connection with the staple industries is 
™!JJ^, furnished by the well-known Prof. Huxley, who, answering 
the question, " What bearing do you consider that 
superior general culture in Germany has upon the in- 
dustries of Germany ? " said : 

" The bearing oF it, if 1 du not misapprehend the matter, is this : The deveU 
opmeat ol industry under itG present conditions is almost eutirelj the effect 
either of the application of science, or or the development of mechanical pro- 
cesses of conipleKLty, requiring a great deal oi atlentiou and intelligence to 
carry them out ; and I do not think I am wrong in supposing that the advance 
of indusli? in all countries depends on employers being able to find to their hand 
persons of sufficient knowledge and sufficient flexibility of mind to be able to ^ 
turn from doing the thing tbe^ have been doing and to do something different^ i 
aoconling to the nature of the improvement that has l<eeu made. It is there, I | 
apprehend, that the aiivantage of such scientifie training as can be got in those 
Email universities of Qermany is manifested. Scientific training is of inQnitcly 
greater importance in the case of such a man than literary training, bef-ause iio 
amount of literary training ever enables a man to understand what it is to deal 
vith facts at first hand ; it does not conduce to that habit of mind which is most 
useful to a man in the practical affairs of life. Scientific training does conduce 
to it, though it may not produce it." 

r ion Prof, von Helmholtz also points out not only the general 1 
advantages, but the absolute necessity, of employing, afl'l 
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heads of departmente, persons conversant with the theory 
of their work, and able, by virtue of their scientific knowl- 
edge, to anticipate results, and to calcidate beforehand 
the quantity and quality of material required, as compared 
with those who, lacking such attainments, are compelled 
to adopt — often at greatly increased cost — the more empir- 
ical methods of repeated trial. 

/ In short, it is almost universally testified by the o^serv- ^^ ^kj-^w^^^'i^b! 
ant that technical schools have supplied a long-felt want lyJ^'^J^^ "^ 
for trained specialists, who have been, and constantly are, Itaf "" " *" 
the source of unexpected economies; not alone because, 
through their scientific knowledge, superior training and 
habits of thought and observation, they are able to antici- 
pate results, and to give intelligent direction to their 
subordinates — inspiring them with interest, and often 
enthusiasm, in the discharge of their duties — but also 
because, through the utilization of the latest discoveries of 
science, they improve methods of production, turning out 
superior articles with marked economy. Through the 
agency of such schools originality has taken the place of 
servile imitation ; decaying Industries have been revived, 
and new ones promoted ; while they have exerted a most 
marked influence in developing the intelligence and skill, 
and consequently in securing the permanent prosperity, of 
the industrial classes generally — the people by whom the 

fwork of the world is done, and upon whom national, no 
I than corporate and individual, wealth depends — by 
nabling them to develop th^ sources of wealth peculiar to 

^ach conntry. / 

Ability on the part of laborers to understand something 

Eef the principles that underlie their various handicrafts is 

ductive of good results, not only through lessening the e^*g°'™^m'i>u.°''iho 
jfit of production, but also in tulvancing the welfare of thepiojM^Mwoil'aa. 

Pfflnployes themselves, by enabling employers to pay better ' ' ' 
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wagea for articles of superior workmanship and manufac- 
ture, from which they derive greater profits. 

During its last Beesion, the British Parliament was com- 
pelled to take into "serious ctmsideraticm " the condition 
of the overcrowded districts of London and other large 
industrial centres, and the debates in the House of Com- 
mona developed an almost unanimous opinion that only 
through government furnishing, in some form or other, 
additional facilities for industrial education lies the tem- 
poral salvation of their idle population — semi-paupers 
through lack of knowledge of how to work. While our own 
General Government is not parental, in the sense that Euro- 
pean Governments are, our State and municipal govern- 
ments do, in theory, very nearly approach that relation- 
ship, and can exercise their functions in no more beneficial 
way than by fostering the industrial education of their 
people. 

In his report for 1868, the French Minister of Public 
Instruction gave testimony as to the valuable results of 
technical training aa follows : 

"ScicDce coDtinues its discoveries, and nvtrj day places at the dis[)osal of 
industry neiv and serviceable agents; but iu oraer to be applied, those agents, 
which are somatimes very delicate and sometimes very powerful, require to be 
Bkillfullj handled. This is the reason why, in the present day. industrial prog- 
ress is so intimately connected with educational pra{;resB, and why questions 
which it is the duty of the Uiiireisity to examine and to solve have acquired so 
great an importance as regards the material prosperity of a nation." 

A most noteworlhy example of the truthfulness of this 
statement is found in Switzerland — a country beautified by 
Nature with lakes and mountains and a climate that have 
made it the beloved of artists and poets, but denied ports, 
navigable rivers, canals, mines, fertility, or those other 
natural gifts which are the usual foundation of the 
prosperity of other civilized States. Yet from among 
those sterile rocks there are yearly exported industrial 
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products not only in excess in value of all the importations 

of the cantons (including the two hundred and odd millions 

of francs' worth of goods which they purchase from France 

alone), but more than sufficient also to cover the cost of 

, internal administration. Industrial education alone can 

!claim the credit of elevating this nation — which in former 

ktimes cultivated mercenary warfare as its sole occupation — ■ 

I to the first rank in those manufacturing industries requiring 

t individual skill and intelligence. 

I cannot more forcibly close this section of my report 
than by the following quotation from the work of the 
eminent scientist, engineer, builder and educator of Great 
Britain, J. Scott Russell, on Systematic Technical Educa- 
tion FOR THE English pEon-.E, 1869; 

" I mar add that in every country where technical education hoi taken root 

I also Qnd unquestiooable proofs of the rapidity ivith 

ftVhIch increased intelligenue and eulHrgod knowledge brine increase in employ- 

Ktnent and remuneration. From my personal experience, I may say that within 

[the last twenty-flvo years I have seen largo branches of commercial trade leave 

ODD country and ulant tbemselres in anothur, because the workers or the one 

were educated and those of the other uneducated. And I have watched nations 

rising into importance and power by education and by the order, organization 

and efBciency which education bestowa ; and other nations lagging behind and 

losing their place by reaaon ot their unwillingness to educate either the higher 

or lower classes of their people." (P, 78.) 



DEVELOPMEHT OF IKDUSTEIAL EIUCATIOH Df THE UNITED 

STATES. 

If the results of an educational system can be ascer- 

Itained from a close inspection of those industries in which 

ElJie mass of a country's population is engaged, and in 

■ which their knowledge is displayed by the fruits of their 
I labor, it will be found that the national system of popular 
Veducation in the United States fails entirely in accoraplish- 

Jing its mission, in several important particulars. For ex-^p^'Jj'^'^'J 

■ ■ample, in the public schools our youth are, as a rule, ^Swuia."" 
I'entirely untaught in even the rudiments of industrial 
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occupations, and upon passing from the school-room are 
generally utterly incompetent, unassisted, to earn a liveli- 
hood in any trade or pursuit requiring manual dexterity. 
Even our high schools leave their graduates to drift, by 
accident or unintelligent direction, into avocations gener- 
ally foreign to their abilities, and, as a rule, with few ex- 
ceptions, unequipped with tliat character of knowledge or 
expertness without which a comfortable living becomes 
difficult — prominence impossibleJ It is commonly accepted 
as fact that a good elementary education such as is 
afforded by our public-school system gives a child that 
■which will carry it well along in life j but this is true only 
of agricultural, or at Tnost of sparsely settled districts, 
and is then true only within limitations. In the crowded 
countries of Europe, and in our own Eastern and Middle 
States — wherein labor and industrial problems already 
closely approximate those in Europe — there is an in- 
creasing recognition of the fact that, though good school 
tuition is always important, to be effective it must be 
ffliiraiQiug supplemented by such technical knowledge and training as 
owwaS""'' ^^^^^ enable the student to survive in the battle for ex- 
istence — which is deadliest in those sections where dense 
populations cause the sharpest and most active competi- 
tion. In other words, the tendency of our public schools 
is — by elevating pupils above their actual or probable 
stations in life, and prompting in them desires and aspira- 
tions of which there is tittle chance of fruition — to turn 
uoschooiB- out a large class of consumers, who fail utterly of success 
M produoors. jjj (_]jg professious and kindred occupations, under condi- 
tions which, had their efforts been directed to mechanical 
or other industrial pursuits, would have made them efficient 
producers. Most of the education acquired under our com- 
mon-school system is temporary and only preparatory for 



snch higher studiea as do result in buainesa qualificatione ; 
whereas, to be of immediate benefit to the masses, school 
education should of itself give the graduate an earning 
capacity. Says Judge MacArthur, in a recent and inter- 
esting treatise on [jopular education : "To graduate one 
taught to think only, is liice sending a ship to sea in charge 
of a navigator, without a single person on board who can 
understand or execute his comraanda." \ 

Knowledge and mental discipline alone do not con- 
stitute all of education. To be practical and useful tOtm^uXdSminoutJe 
most of those who must earn their own livelihood, educa-llTyBriliMMwrKy. 
tion must also afford physical dexterity, with special 
reference to the industrial pursuits of life. As the result 
of this absence of instruction of a practical character, a 
remarkably small percentage of our public-school gradu- 
ates in the Middle and in the Southern States engage in 
ny kind of manual labor. 

Recognition of this lack of utility in our educational 
system has, of late years, become quite general, resulting 
in variously directed efforts to engraft upon our higher- 



the colleges and schools whose curricula embrace those uaoilS'ttuctiouf"' 
subjects which fit our boys and girls to participate in the 
pructical work of life are now rapidly increasing. There 
have long existed in the United States a certain number of 
educational institutions wherein special attention is given 
to technical and scientific training in mining, civil and 
mechanical engineering, applied mathematics, physics and 
the natural sciences, which are fully equal to the best of , 
similar schools in Europe. Among the most prominent I 
of these are the School of Agriculture and Mechanical 
Arts of Cornell University, the School of Mines of 
Columbia College (N. Y.), the Massachusetts Institute of^'-^'f™ 
Technology, the Lawrence School of Science in connection"""' 
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"with the Harvard University, the Paidee Schoole, the 
Stevens Institute at Hoboken, the Reasselaer Polytechnic 
Institute, and the ShefiBeld School at Yale ; but the high 
tuition fees charged by these and similar schools make 
instruction therein available only for the wealthier classes. 
In addition to those institutions which afford special facili- 
ties for advanced instruction and original research in science 
i' and the mechanic arts, in most of the States elementary 
■ science is now taught in numerous colleges, academies and 
high schools. While this instruction, in point of cost and 
preliminary educational qualifications, is generally within 
the reach of the masses, the subjects taught and, as a 
rule, the manner of teaching them, have but little practical 
bearing on industrial pursuits. However, in the last few 
years considerable progress has been made in introducing 
a substantial help to industrial education — that of manual 
training schools — and already their feasibility and desira- 
bility as a feature of popular education have been practically 
demonstrated. Well equipped schools of this character 
are to be found in St. Louis, Chicago, Toledo, Philadelphia 
and Boston. 
I The secret of the popularity of this kind of education 
is to be found in the ■natural and practical combination it 
makes of intellectual and manual training. Both thought 
and action are developed equally, and the skill acquired 
at school, together with the respect for industrial pursuits 
there fostered, makes their pupils useful, wealth-producing 
citizens. / 

The success of the raaoual-training schools at Chicago 
and St. Louis, and most other points where inaugurated, 
has far exceeded the sanguine expectations of their origi- 
nators. That our own Baltimore school, as appears by 
the dissensions in its management, to which so much 



25 

publicity has recently been given, lias not been equally 
euccessful, simply provea that the objects for which it 
was instituted, and the methods by which practical tech- 
nical education ia to be accomplished, have not been 
understood by those controlling its policy and operations. 
The results that have already been achieved elsewhere 
by kindred schools prove that eftbrts to combine mental neDlSraSS 
and manual training are not visionary, while the Hljeral a'S''."'""" 
patronage which such schools, properly conducted, have 
uniformly received, is abundant evidence of the demand 
that exists for the training they afford. But these 
[■ schools can each provide for only two or three hundred 
I boys at most, while there are thousands more — equally 
I Anxious to receive the same kind of instruction and equally 
I meritorious — who are denied, through lack of facilities, 
I their equal rights to public mechanical instruction. 

A few years ago the United States Commissioner of 
[ Education requested a number of large and experienced 

■ employers of labor, and others qualified to form reliable 
^opinions on the subject, to express their views upon the 
f comparative value of educated and uneducated labor in 
lAmerica. Answers were received from many men whose 
I acknowledged ability and experience entitle them to con- 
1 Bideration as authorities upon the subject of this report, 
[ and I therefore invite your thoughtful perusal of the few 
I selected answers printed in Exhibit P. The evidence thus 
l accumulated by Commissioner Eaton shows a very general 

■ concurrence on the part of our farsighted employers in the 
foreign testimony above outlined ; but there seems to be 
far less appreciation in the minds of our statesmen and 
educators of the fact that, by making public-school instruc- 
tion — which has by elevating the general intelligence 
measurably increased the productiveness and efficiency of 
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labor — preparatory to special technical training, they will 
not only directly promote the nation's industries, but also 
make general education far more popular with the massee. 

Pursuaut to the idea of avoiding ex-purte evidence in 
this report, in further analyzing the state of technical 
education in the United States, I am fortunately able to 
avail of the lalwrs of Mr. William Mather, who. as the 
1. representative of the British Royal Commissioners charged 
with an examination into industrial and technical education 
in America, patiently and exhaustively investigated, not 
long ago, the educational and industrial institutions of the 
United States. Mr. Mather ia an accomplished expert in 
technical education, and from no higher source could dis- 
interested and unprejudiced testimony on the subject be 
obtained. Extracts from his report are given as appendices, 
and a few of his observations upon our educational system, 
peculiarly pertinent, are here quoted. 

Says Mr. Mather: 

" It 15 muah to be deplored that in the majoritj of mstitutions in America 
where science is tuught in the abstract, there are no departniBnts arranged lor 
such tuchnica! training as exists in some 1 have described. 

'■ The demands mado upon those which gire technical instruction are greater 
than thej can siktisfj. This aecounts tor the high tees charged, and also for the 
fact that the advantages at such technical schools are in Ihe main confined to 
the sons of wealth; manufacturers or professional men. 

"All these evidences of scientific skill (Araerioan mechanical contrivances) 
speak well for the methods of education in the recent past, so far as it goes; but 
other influences, such as ' necessiCy the mother of invention,' and the presence 
in America of foreign experts, will account for much of the rapid growth in the 
mechanic arts, 

"It is, of course, in the mora recent strnotures and modem roechaQical 
appliances that the evidence of scienti&c truths and methods is observable. 
The rough -and - read; contrivances of earlj railroad development indicate 
originality and ' mother wit ' ; but in the waste of material and crudeness of 
dceign may be noticed the absence of technical or scientiflo training on the part 
of those who conducted extensive angrneeriiig or mechanical operations in those 
days. The gradual diffusion of science is very marked in the rapid reconstruc- 
tion, during recent years, of the great railroads of the past, and in the new main 
lines. Also, in railway plant generally the old is being replaced by the new, 
and the latter exhibits high theoretical knowledge combined with practical 
Ingenuity. 
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"The Americans uadoubtedly owe to Suropean engineers the mpid advance 
they have been able to make in their public worka. The cinserfation of water- 
power for the use ot the mills at Lowell and Lawrence, in Mussachiisetta, is iliie 
to the eminent hydraulic engineer, Mr. Franoea, an Engiiahman, who praolised 
for 40 years in America. The Wjiter-rights of a district are held in trust for the 
■whole community by a board or oorporation elected (or the purpose. The power 
is dJBtribnted according to the share which may lie purchased or rented by the 
users, but regard is had to the rights of all , and its utilization requires great skill 
and knowledge to prevent loss ot power. Mr. Prances has had charge of this 
important work for many years, and is deserredly esteemed as the highest 
authority on hydraulic engineering in America. Although a, Incmtire field was, 
ia the early days, open to European ent^neers and machinists having- a thorough 
scientiQ'; knowled^ of their profession, yet it is evident that they found apt 
scholars, who, as they acquired some theoretical science, launched out into new 
paths untraranielcd by the traditions of the older countries. 

" It would appear that employers and foremen no longer value the labor of 
boys under IT years old in machine shops. There is, in foot, a marked dis- 
couragement shown by managers of most of the works I have visited to the 
employment of boys. The assistant manager of the Edgar Thompson Steel 
Works "thinks boys under 18 years old ought to beat school.' He was educated 
at the School of Mines, Columbia Oollege. The whole tendency is lo engage 
boys as they do men, only for what they are worth. The evil of this will be 
severely felt in the future, if not [nidgated by great changes in education, for 
the reason that many boys are obliged to leave school at 14 or IS, and if they are 
not allowed to enter the sfcillerl trades thej will bo thrown upon casual employ- 
jnents or unskilled pursuits for temporary gain and a liveUhood. Thus a mass 
ot incompetent and unskilled laborers would grow up incapable of going init 
West, ofid would become a drug upon the laljor market of the Bast. It is un- 
doubtedly a shortsighted policy on the part of employers to discourage the 
employment of boys, without aiding Ihorse movements which, in the form ot 
industrial schools, would enable a bov to qualify for service at 1 T years old at 
a higher rate ot wages than ho could probably get at that age but tor this 
training. 

" The future development of American industries will depend upon a population 
I not compelled to dare and endure and experimentalize for ' very life.' In the 
past the waste of material has been excessive. To make the best use of a given 
quantity of material requires a sound knowledge of its properties and ot its dis- 
posal in the arts and manufactures by scientific methods. In this direction the 
technical and science eohools already instituted have accomplished mucli in 
proviiling foremen and managers, chemists, miners and intelligent employers in 
the engineering and manufacturing industries. Some extensions of these institu- 
tions are now being promoted. Oue signiflcant indication of progress in this 
direution was afforded me during my travels. I attended a convention of about 
a thousand teachers, professors and principals of schools and colleges, at Sara- 
toga, and another similar gathering in tlie White Mountains. The discussion 
ot techuicaL and industrial training was the chief feature ot the oonventions. 
I was much impressed by the high qualities ot culture and oharacter which 
distinguished this truly 'Qrand Army of the Republic' in its 300,000 teachers, 
as represented at these meetings. If this force should be directed by a change 
of tactics, so to speak, in the schools, to scientific and technioal instruction, and 
to less concentration upon purelj^ literary subjects, there can be no doubt that 
America will solve the industrial-education question more rapidly than any 
other coanlry, and utilize it in the further development ot her inexhaustible 
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Kftthering of them. No oouiiti7 offers mora difficult problems to the tagmeet, 
the agriculturist and the manufacturer. A climate o( extremes ; a scarcity ot 
irater in the West ; the diffioullies of cheap transport and distribution, all require 
the highest qualities at self-retianaa aud endurance, with scientific knowledge. 
In the progress of the future. 

"It is mmarkable that, in the great centres of the mining and iron-producing 
districts, where also a, large amount of mechanical construction is oarrieitoD, as, 
for instance, in Fittsbnrgh, Chicago, Detroit. Cleveland aud Philadelphia, so 
little has been done bv the owners of lar^e establishments, or b; the town oris taCe 
authorities, in the direction of teciinical schools or evening science schools. 
These industries represent a large proportion of the working population ia those 
large cities, and jet the owners of works have to rel; upon the scientific knowl- 
edge obtained through manj institutions remote from these districts. Pittsburgh 
is Inmentably devoid of facilities, either in the shape ot lil^raries, museums, 
science schools or teohnii'al schctols, notwithstanding that the manufaclurors 
have enjoyed the beneflts of, and accumulated vast wealth from, highly protected 
industry. There is not even a public library in the city, although there is a 
population of about 200,000. 

" In Cleveland a movement :s being promoted to establish a technical school. 
I have already stated that Chicago is building a manual-training school. 

" It is a noteworthy tact that, among all the many rauniUcent gifts which 
have been made by private individuals for the cause of education, amounting in 
the aggregate to many millions sterling, very few have emanated from those 
who have derived their wealth from the scientific industries, all ot which have 
been protected and owe much ot their success to foreign skill. Oil the other 
hand, merchants, bankers and professional men are largely represented in the 
noble list of benefactors connected with some of the best educational institutions 
ot the country. 

"I have not met with any institutions (ot technical training having any 
bearing on the textile industries. The knowledge of chemistry acquired at the 
various institutions which I have described is, oF course, utilized more or less in 
dyeing, printing and bleaching ; but there are no schools in which the knowledge 
of the nature and qualities of fibres, and of the various processes in working up 
the raw materia! — silk, cotton or flas — is taught. In all the manufactures 
into which taste and design enter, the Americans have to rely almost entirely 
upon European aid, It ia intended, however, so 1 am privately informed, to 
establish, in one ot the centres ot textile industry, a large institution in which a 
thorough and comprehensive industrial training will be given in textile manu- 
facturing, together with that theoretical knowledge whteh is necessary to the 
production of the highest quality ot fabrics. 

" I have not included the Southern States in my investigations by a personal 
visit to the various important towns, tor the reason that education, for the 
present, is at a low ebb in that part of the country. There is, boweviT, a very 
strong movement already apparent for the promotion of mechanical and textilo 
industries in the South, The enormous resources ot some of the States— Alabama, 
for instance — where mineral wealt h abounds, have attracted capital tor the rapid 
development of various manufactures. This, together with the proximity of the 
cotton-growing districts, points to a development, in the near future, ot many 
industries which, until recently, were unknown in the South. " ■ • The 
dlETerent colleges established by the assistance of the ' Land Grant ' appear to 
have done good work, in connection with agriculture, in the South, in teaching 
the elements of science and in providing a liberal education tor those students 
whose means have enabled them Co attend. The mechanical arts have had less 
attention in such colleges than in similar institutions in the North, in consequence 
of the dlEference in the occupations ot the people. 

" The institutions tor the advancement of the workpeople, other than schools 
and colleges, are nut numerous in America. The long hours ot labor (at least 
60 hours a week) leave but little leisure tor the working classes either to study 



or to seek recreation. There ia no liaH holida; on the Saturday. There are 
no holidays iliiriof; the year nl mora than one day at a time, and that onl<r a fevr 
times in the year. Libraries and reading-ronras, altliougli amply provided in 
most oitiea and towns, are not available as- universally as in England. Clubs 
and recreative iiiatituliona, procnoted by the employers for the employed, are not 
prevalent. There is :iot much interest manifested by employers ^nerally in the 
social condition ot the people. This may bo accounted lor by the number of . 
joint-stock companies." / 

If the few institutions afibrding technical education now 
in operation in tlie United States have been able, in a 
short time, to accomplish so much in those branches of 
mechanical industry in which Americans are confessedly 
pre-eminent, as is shown in the testimony from which 
extracts are appended to this report; if, through our 
inventive and mechanical ingenuity we are. as Mr. Mather 
and other intelligent foreigners say, taking high rank in 
those arts and manufactures to which fertility of resource 
and invention is most eftectively applied — and that, too. 
notwithstanding our totally inadequate provision for in- 
dustrial education — with what hope might we not look 
forward to equal or greater pre-eminence in other arts and 
industries of which their technical schools have given 
foreign countries a practical and profitable monopoly? 

That our national prosperity has been greatly promoted 
by the pre-eminence of certain of our manufactures in the oar 
markets of the world is undeniable, but that this successful ^"Ji^imn- ^^^ ■• 
competition has been due not to the superior intellectual"""'"'*''^^* 
cultivation, or even the manual skill, of our nafive artisans, 
but to very different causes — such as abundance and quality 
of crude material; superior facilities for economical manu- 
facture; the aid of imported skill, and those natural and 
untaught qualities to which Mr. Mather and others pay 
auch high tribute — is likewise easily demonstrable ; and it 
' is aad to reflect what greater success might have been 
whieved by combining therewith that high degree of 
intelligence and skill that European nations, under the 
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compulsion of competition, are sedulously cultivating in 
their industrial classes. We must soon place greater 
dependence upon the quality, finish and unique designs 
of our exported products for success in unprotected 
foreign fields, and it will be well for us to profit now by 
the experience of our rivals across the Atlantic. It is 
wiser and cheaper to discount defeat than to repair its 
effects. The season of prosperity is the best time to 
provide against the depression which, with certainty, 
follows ; and the knowledge and skill of the specialist are 
most efficiently and economically applied to an industry in 
its infancy or when it is in a depressed condition. 

'^ From the foregoing it will be noted that the careful, 
thorough and extensive investigations of the English 

1 Government, supplemented by the published observations 
of individual students of recognized ability and iiccuracy, 
have resulted in the uniform testimony that polytechnic 
and other science schools in Europe and the United States 
have, without exception, stimulated national and local 
industries, manufactures and trades, and, in a large pro- 
portion of instances, have transplanted or developed new 
industries. Even the few — and not selected — illustrationa 
of this fact which the compass of this report permits to 
be made therein, bear forcible testimony to the achieve- 
ments of such schools [Exhibits F, O, and Q] , and are sug- 
gestive of the profit which our more populous districts — 
and especially those seaboard cities which, as the termini of 
our great trunk lines, become the focus for many manu- 
facturing, mechanical and other interests dependent upon 
the products which they transport — might derive from 
the investment of a reasonable amount of corporate and 
individual wealth in the establishment of similar schools, 
adapted, of course, to the wants of our peculiar induatriea 
and institutions. 
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While it may be said, with some show of truth, that 
the most practical technical schools are great workshops, ..""□"^'^ib' 
still the ordinary workshop does not yed combjue mental t?ii'n"ng?«nd 
instruction with manual training, while our science teach- w""''^"*^";; 
ing is of too high a grade to be assimilable by the ordinary 
mechanic and mechanical apprentice, and is too theoretical 
to be adaptable to the current work of our shops. Not 
only is there too little application of scieiice to our various 
handicrafts, but there is, for the most part, a aad lack 
of intelligent effort to teach apprentices in our work- 
shops that manual dexterity which, at least, they are 
supposed therein to acquire, Kow that the old system of 
, apprenticeship is rapidly becoming obsolete, the question ^^^"■^^'^I'J'je^^ 
r of what shall take its place in the way of educating and appcenuceSiTi 
L training the yonth of our working classes becomes an 
I important consideration for all who are interested in our 
I national welfare and in the development of our industries 
\ Skilled labor must be had from some source, and we can- 
iBOt affoi-d to import it in bulk, if for no other reason than 
B its expensiveness. Our own people have the first claim 
I upon our industrial occupations^ but if we are to compete Howtotrmm 
I for foreign trade they must be so trained as to make and ""i fo"i^ii wo*r 
I keep them, in knowledge and skill, at least the equals of 
I foreign workmen. The most practical way of affording 
ll^em this training is to build up special low-grade science 
|Bchoole, where the instruction shall be of such a character 
Ia8 will directly bear upon our arts and manufactures ; for 
lif any lesson can be drawn from the study of technical 
I education abroad, it is that progress and success are most 
f readily and cheaply attained by means of combined theo- 
retical and practical instruction, and that our designers, 
our superintendents and our foremen, at least, should be 
scientifically and practically trained experts. [Exhibit 
G.] 



32 



Without dwelling further upon this point, however, thi 
foregoing and the several exhibits hereto sufficiently detHrj 
ODstrate how much the United States already owe to) 
those schools wherein the application of science to thd 
mechanic and useful arts is practicalli/ taught [Exhibit Q] ; 
as also that, as a people, we have been singularly backward 
in discovering how potential a factor in internal politics and 
in our domestic and foreign trade relations the systematic 
cultivation of our laboring classes in technological knowl- 
edge could be made. 

It is obvious that to supply the missing Unk in our sys- 
tem of national education there must be either a modifica- 
tiou of the curriculum of our public schools, as suggested 
Tiie "jjij'^ij'njj by Mr. Mather, or we must establish schools intermediate 
jTBiem. between our grammar schools on the one hand and our 

high schools, aca<:lemies and colleges on the other; which, 
while atfording our youth tho.'^e opportunities and facilities 
for technical instructiou that are absolutely necessary to the 
development and success of many languishing industrial and 
manufacturing interests, will also fit them for the higher 
duties of American citizenship. 

In 1880 the United States contained 189,000 elementary 
schools, having 9,720,000 pupils. Our national and State 
[Jj*j"j: expenditures for the support of public schools now largely 
exceed $100,000,000 per annum, and the value of our 
school property is not less than $200,000,000. These 
expenditures exceed those of England and Wales nearly 
five times, and those of France nearly four times. In the 
number of pupils and the expenditure of money on our 
public schools we lead the world, and yet neither our 
State nor national appropriations in aid of ind^iMrUd 
education for the working classes have been sufficient to 
make more than an impression upon the great mass of 
technically uneducated labor of the country. [Exhibit L.] 



I 
I 



Says Judge MacArthur, in his excellent work on Edu- 
cation iu its Relation to Industry : 

"To compels aucaessf Lilly with foreign work we mast have tk class o( artimns 
as hij;hly ciillivated in workmanship as those we import from over the seit. and 
(tiis Hkili (ail be acqnired onij bj pr,ictice in their respective hand ic raits. It ii 
true tliat with us applied scieiiua and iDechaiiiciil powers have uiiiwrseded, in a 
great measiiro, the burden ot heavy ldl>or ; hat the quick eye, the expert hand 
and the acute taste can never be ilispeiiEtd with in the niitnual procesaes of the 
arts uii'l manufactures. To meet this impemtfve demand for first-class, work- 
mOD, without submitting to the eiaetions and competition of fordgn work, we 
must eilusnte the constructive ability of our yntitk during the period of life 
which is now devoted to study alone. We have developed, in a high degree, 
the arts o[ munufacture, but we are nearly without any American artisans in 
the trades coiiiieeted with design, and are conaequeutly deprived of the acknowl- 
edged sharpness and ingenuity of our couiitrynien in helping on American 
industries. This wide and remunerative tleld of labnr is lett to be occupied by 
partly educated and skilled foreigners. We have eicellent schools tor all sorts 
of inatructioji in the esaentiiils ot mntheniaties. history, literaturenudphihisophy, 
but we fit nobody with either skill or knowledge in any particular habit o[ 
industry. 

" The period seems to have arrived when institutions ot industrial science and 
edneutioii can no longer be postponed in our country, and when they must be 
tritd Oil OS e^cnsive a scale as tliose witnessed, abj'ond. There seems no reason 
why the institutional system should not be adapted t« the tradesman, the artisan 
and the nianufactuTer, as well as to the more pedantic professions, in which men 
are at thoroughly ttuinrd. The reform of our taste has commenced by the 
purifying inllnenoe which proceeds from, and which will gradually make its way 
through, the community from the univoraal teaching of drawing. An appeal 
most now be made in behalf of teaching the processes ot production, as well as 
the principles which shall guide the work. Tlia use of tools and machinery does 
not come by intuition, and industrial knowledge ought to include iustnietion in 
their use.'" 

/ With a very few exceptions there is, in our country, a 
confipicuoiia absence of institutions for combined general oo 
and mechanical education of the character which, inea 
France, Germany and in other Continental nationalities, are 
regarded as the great source of national wealth, and which 
are beginning to play a most important part in the promo- 
tion of those trades and manufactures with which England 
is coming to the front. 

Though Congress, by its act, approved July 2, 1862, 
setting aside a large portion of the territorial wealth of the 
nation for industrial education, inaugurated a sagacious 
scheme for "teaching the processes of production," andj, 
their underlying principles, whichj wisely and energetically 1," 
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followed up, would in a short time have placed the United 
States in the foremost rank of civilized nations in the 
theoretical knowledge and skilled training of ita work- 
people, and have developed many old and created new 
industries, thereby more rapidly enriching the country, 
most of the provision made by that act for industrial 
and scientific teaching of the masses has, by reason of 
the paramount importance attached to agriculture in raoBt 
sections, been absorbed in the endowment of agricultural 
colleges — so called. Whilst these colleges, as first con- 
courae <.t mudj templated, were to have departments for teaching mechanic 
ttlU'iilISinrioi'tto trades, most of them have drifted away altogether from 
MiiBteniiBd. ^^^ original intention of the authors of the act, and there 
is in them, generally, little or no effort to combine 
theoretical instruction with practical mechanical training 
in other than those branches of knowledge closely related 
to agricultural pursuits. Much remains to be done before 
they can be of any material advantage to manufacturers 
and others requiring skilled labor. If their managers are 
to fulfil the design of Congress, they must, much more 
than at present, turn their attention to the training of 
experts in mechanical and industrial arts ; for it is only 
'in schools devoted to instruction of this character that the 
poor youth of our country can obtain such instruction 
and trainingas will enable them to acquire and maintain that 
supremacy over foreign rivals in important arts and manu- 
factures to which our many advantages entitle us. It is 
true that agricultural colleges have, per se, a great mission 
to fultil, especially in our Western and Southern sections; 
but as Congress, by express terms, provided and intended 
^U» its appropriation of school lands to inure to the advantage 
■■■^ of all industries equally, and as many important interests 
of the country require that technological instruction 
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should be placed above mere dependence upon individual 
support, the remodeling of those colleges is necessary to 
bring thera into hurmony witli national legislation, and 
such action would probably stimulate State and muni- 
cipal authorities to ed'ectively supplement national appro- 
priations. 

At present our moat efficient institutionsfor affording tech- ^^^'^^^« 
nical education are those established and sustained, wholly yJivaw^uoivlrtM 
or in part, by the endowments of jjrivate individuals. It is 
not to be inferred, however, that this assertion implies that 
Government and State schools might not be made equally — 
and even more — efficient than similar private institutions. 
But it happens that, as a rule, endowments have been left 
under conditions and instructions more specific than in the 
case of Government and State grants, and have therefore 
lieen less easily diverted from their legitimate objects, and 
are, besides, less susceptible to those iafluences which with 
us almost uniformly prostitute public educational funds to 
political or sectional purposes. Still it is a stern fact tliat 
should be recognized by all would-be founders of educa- 
tional institutions, that this character of trust, especially, Desinbi 
affords much opportunity for misapplication, even under J!™j|j_'*""' 
the most carefully guarded legal pltraseology, and that 
the most conscientious trustees and managers are not 
proof against the temptation of construing, and even 
forcing the construction of ambiguous terms, in harmony 
with their individual predilections. Moral : — E.tecute 
your own benefactions. 

In just what manner private appropriations and city 
systems of public instruction should deal with industrial 
education is a grave problem, but the labors of the Bureau 
of Education at Washington have resulted in the collation 
of a mass of data, not only upon the needs of the country 
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in this regard, but also m reference to the many exp 
ments and efforts (mostly siiccessful) to inaugurate tei 
nical education in varion3 localities, that will great! 
aid in its solution. Among other of this Bureau's repori 
Circular of Information No. 1. 1885. containing the obs* 
rations and views of John D. Philbrick, LL.D., Stal 
Superintendent of Public. Instruction in Connecticut ani 
later. Superintendent of Boston Schools, upon the i 
scho(jl Hystemw in the United States, is of special vak 
and interest to Iwards of education, school superintendeW 
and educators generally. Extracts from those pages of 1 
report devoted to the consideration of industrial edmS 
tion, and the necessity for it in the United States, e 
appended hereto, and their careful perusal is earnest 
recommended. [Exhibit N.] 

Summing up his conclusions as to what should be doril 

'"for industrial education by city systems of public instrufl 

tion, Dr. Philbrick says ; 



" Without alwting our kpiiI or noiitracting our scheme ot pmvision for ^nernJ 
education, there reninins much tn he dine by our city-school syatuuis iii pro- 
viding tbtit kind of instniL'tion mid training which fits persons, in pait »t lenst, 
lor some particular moite of gainiug a livelihnod. The provisions for this pur- 
pose which seem dosiriible ia tljc present stage oF pedagogical experience and 
ofunion arc tiero briefly eiiumeratBd : 

'•{1} A modifleation of |1ib curriculum ot elementary instruction which will 
render it better, not ocdy for the purposes of gpiieral eilueation, but aieu l«tler 
AS a direct prepamtion tor many industrial puratiits. This modiflcntion consists, 
iu hrict. in throwing oveiboikrd a considerable muss of the useless details nf some 
of the branches now laught, in applyintr more practical and comprehensive 
methods of teaching all the subjects, while always aiming at the fthortest and 
most direct means nf oommtinicattng and enabling the pupils to acquire useful 
knowledge, and at the satne time ignoring processes and exercises merely for 
the sulie ot what is called synnnietrical development of the mental faculties ; thus 
making room for drawing (both freehand and mechanical), the rudiments ot 
bookkeeping, the rudiments of pi-acticul geometry, physif'^, chemistry and 
nattiml nistory. modeling and carving for boys, needlework tor girla. I omit 
the worksliop (or boys, becunse I think that up to fourteen years ot age the 
abok'e studies, in connection with gymnastics, would be more proBlable as a 
preparation for apprenlicesliip, and I think boys ought to complete their ele- 
mentary edmwtion at fourteen years ot age, and, it they h^ive not, the n 
reason why they should not then divide school work with shop work. 

"(2) To teach girts, in all gi'adesof public insti'uction, sewing and ctitttq 
and fitting, and. besides, special schools shonid be established tor iiistruotis 
in the advanced branches o! needlework, cutting and fitting, and perhM 
millinery. 



"(8) To eaUblish evoryirhere, in smnll cities as -vccll as krge, thorotighlf 
equipped evening in^ustritil (Irnnin;; schools. 

"{i) Evonint; high schools should be widely (liGEcraintLted, giving instraclion 
in mora or less tBtliniea! branches, such ns bookkeeping, TOioinercial ftrithmetic, 
stenogniphy. praetioftl geometry, drftwnig, etc. 

■•(!i) Evening schools devoted exclusively to tecbnicnl brunohes, like those 
in France. 

"(6) To establiBli in the Inrger cities one or more tipprentice sehools like that 
in Paris, on the Boulevard de la Villette. 

"(T) The eEtablishuient of simple mannid-triiiiiiiig schools, as they may be 
miuired, like those in New Haven, Bositon, nud Peru. III., for bovs urlio have 
completed their elementary studies ami tor lioye alrciuly in Ujb gmiamar 
schools who wiiih to attend them out ot school hours, wbethor in the evening 
or dnvtime. 

"(8) To establish in the liirgor cities manu'il-t raining schools, after the 
pattern of the St. Louis suhool anil the iwhool of mechanics connected with the 
Boston Tnstilnle of Technology. 

'■(3) The geneml estiihlishineTit of schools of pmctieal cookery for girls, after 
the pattern of those which have been so successful in the city of London." 

Reference has been made to departments in our principal 
universities for technical and scientific training in mining, 
civil and mechanioal engineering, physics, and the natural 
sciences, and toother and more directly technological insti- 
tutions for teaching low-grade science, and the character 
and plan of instruction therein pursued are illustrated at 
length in the appendix [Exhibit L] ; but all these schools 
and deijartmente, aggregated, are in,significant in number, p„a 
and in most of them instruction in the mechanical arts has t?im!i 
not been strictly adhered to, having been obscured by 
the literary and art-science sides of education, as therein 
taught. That this tendency is a very grave danger in 
technological schools generally, is very apparent from a 
study of those in England, where most of the institutions "u^Jo? 
established purely and simply for technical instruction are 
already drifting into devotion for the higher branches of 
the natural sciences and mathematics, to the exclusion of 
drawing, applied science, and mechanical teaching. 

Judge MacArthur says that while we have schools for 

^ all sorts of instruction in mathematics, history, literature 

and philosophy in abundance, they fit nobody with either 

knowledge or skill in any particular branch of industry. 
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In the absence of provision for manual trnining and for a 
practical application of theoretical knowledge thei-e is, of 
course, no acquisition of skill, but there is a notable 
tendency to beget dislike for those pursuits that require 

I manual labor. It is high time that those interested in 
public education should display a danger signal in con- 
nection with our national system of elementary educa- 
tion, which also drifts to the liierary side with a 
rapidity that should alarm our social economists. The 
storing of the memory with a multitude of extracts from 
books which, for a brief period afler school life, may 
be retained and repeated as a proof of education, is alto- 
gether misleading and useless for boys and girls who must 

I face the stern realities of making their own living. The 
pbiToBopiir. iitora-character of teaching in the public schools of America is 
iiiBiMtefor rapidly creating a distaste for manual work and industrial 

pursuits in general, and it would be well for our public 
teachers to make an earnest attempt to modify their 
instruction, in the direction of devoting more time to sub- 
jects of a practical nature, thereby promoting tastes for 
industrial pursuits based upon knowledge of the principles 
of the natural sciences applicable thereto. 

Reviewing briefly the voluminous data showing the 

- status of technical training in the United States, it is to 
be noted that, while provision for some kind of industrial 
education is now made in many of our universities and 
colleges, It falls to meet tiie greatest demands of the times 
in the following respects : 

1. — The instruction is too expensive for workpeople. 
But few of our mechanics and artisans could afford to pay 
the high tuition and meet the other neces.sary expenses, 
even if they had the means of support during the three 
or four years necessary to complete the course of instruc- 
tion. 
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—The course of studies in these institutions is much 
loo far advanced for the masa of our people— the con- i 
ditions of admission being ao rigid and far-reaching tliat 
only those persons who have already had superior scliool 
facilities are able to comply with them. Hence most of 
those universities and colleges that do make some pro- 
vieion for technical training are practically closed to the 
great majority of our laboring classes, who, being unable 
to pass examination on all the numerous subjects required 
for admission, are excluded from any of their departments 
of study. There are also radical defects in present 
methods of ascertaining the fitness of young people for pur- 
suing technical studies. Those methods generally only 
develop how much cramming has been done by and for 
the candidates, whereas far greater consideration should be 
given the native ability, the previous educational facilities, 
the present circumstances, and the probable future career 
of the applicants. Many who, from lack of preliminary 

I training, may not be able to take up and complete all of 
. prescribed course might still make good headway in 
special studies, if they could only be admitted to the classes. 

3. — The instruction in most of our institutions is too ' 
theoretical. In order to benefit workmen and employers 
it should be better adapted to practical ends. Students in 
industrial classes should have greater facilities for visiting 
shops, factories and mines, and for studying their opera- 
tions, and should be examined with reference to their pro- 
ficiency in applying scientific principles to the numerous 
mechanical processes they witness, just as students of 

} botany visit fields and forests and study flowers and plants, 

I or as students of medicine go to the dissecting room to 
learn the human body, and to the laboratory for practical 

I study of chemical compounds, For a mechanic to be able 
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to dissect a machine that he has to run and keep in order^ 
and to underatand the nature of the material of which it 
is made and the office of each part, so as to be able to take 
the machine apart, mend that which is broken or out of 
shape, and put the whole together again, is juot as essen- 
tial as that the surgeon should understand the materials, 
construction and functions of the human body, in order to 
repair it intelligently and well. But the students in most 
of our college classes know machinery only as they see 
cuts of it in their text-books. They study about wheels 
and pulleys and levers and screws, but rarely see them in 
operation. They learn the lawo of electric force, without 
acquiring the mechanical power to properly arrange a 
battery when the materials are put into their hands. 
They learn the formulas of chemistry, but are unable to 
undertake the simplest experiments without endangering 
their own lives and those of others. 

4. — Another important deficiency is the absence of pro- 
vision for evening instruction of the masses of mechanics 
who are compelled to labor during the day for the support 
of themselves and families, many of whom would gladly 
attend evening classes for theoretical instruction, if acces- 
sible at reasonable cost. That this is true is proven by 
the large number of workmen in Europe and in sections 
of our own country who, of their own acconl, attend 
evening classes when opened in technical schools, univer- 
sities, etc. That many of these men and boys make 
commendable progress in their studies, even after %vorking 
hard all day, is shown by the testimony of those having 
charge of such classes. Those of our colleges and univer- 
sities having class-rooms, laboratories, apparatus and 
libraries already equipped could, generally, without great 
expense, make arrangements for evening classes. In O^ens 



Collfege, Maucli eater, nn institution of about the same rank i^EtBnuigBtaaBn 
aB the Johns Hopkins University, several of the instructors n""?CHfuKM 
of the day classes also give instruction to evening students, ut^^B vyr 
who number about six hundred. The class-rooms of the 
Polytechnic Institute at Regent Circus, London, are 
crowded to their utmost capacity every evening of the 
achool year by young men and middle-aged meclianics 
who spend the day at work in shops. This school lias 
accommodiLtions for about three thousand students, and 
hundreds of applicants are refused admission every year 
because there is no room for them. Many who do gain 
admission to the classes succeed in passing the Government 
examination in science, or the city and guilds examination 
in technology. The fact that hundreds of workpeople in 
our own country avail themselves, with great profit, of 
the evening instruction afforded at Cooper Institute, New 
York [Exhibit L], and at the few other evening schools 
of merit in our cities, adds to the pnx)f that there is a 
demand for increased facilities for practical instruction in 
evening classes. 

In a recent special and comprehensive report on the 
present status of industrial education in the United States 
— from which I have gained much information — the Com- 
missioner of Education at Washington says: 

"The matiufautiirer is aided by inJnstriuI ftilucation thmugh the irtiprovement 
o[ his proilucta. His siicc-esB depetids oti tlie Jernntid for his goods nt reaaonable nij'^^nif,^'™ 

Sriee*. This demand is regulated by the needs ot cuatomera. They ask toroatton. ■wnsi 
nmUlIty oF DialeriBl, attractiveness of design and excellence of workmanship '<"'. op"" In 
in wbatever they purahase for perniatient use. Manufiicturera' business improves "'"'' *'''"™''' 
as they beooinu pojsessedof these and Ki mi kr qualities, which can be eiMinoinically 
secDred only by the application of technical £noirledgD. Durubility arises from 
Bicellencaof raw material, and is retained by the selection of the right processes 
bj which to convert it into the state in which it finally appears. The quality of 
ruw material ia not untrequencly to be determined by chemical tests, and many 
fit the processes of its manufiiciure are rcKiiluted by chemical principles. Tlie 
silence which (guides in the iltitermination of these processes must be the one 
which will leail lo their iroproveraent and nerfoctioo. Hence courses iu chemistry 
are established in our principal polytecfiDic schoola, as well as in ciollegcs of 
Rgriculture (to which science chemistry makes liberal contribution), and in 




schools of milling ftnd meUllurg]'. For « siiiiiliir purposa engiiieera are MgEi 
todel^rnjiiie the strength of materials used in Lutldinjf mlroiulsaDdbrii])ceB,~l 
houses and innohines. Invcstlcations in the dontuiit of phfBicsand chpraistry J 
have frequently tsught the skill tul (tppiicHtion ot now dnd serviceable agents to * 
the productinii of labor. Men thus tJiuf^ht have laid ont our ruilwafs, <^tied ' 
our mines, started and iniprovAd mir manufactories and liuilt our houses. Thej' 
have aided in tncreasiug our iudustries 3n per oeiit. in the last decade and ia 
comiiellin); an BugliahconrFS!>ion that 'the United States will proljablj pass a* in 
tbo ensuing decade ' in the value of her iudustrieit. 

"The elevation of the wnrkine classes is an inevitable result ot educAtioK 
them in industries. The direct effect upon the intellect iii great and lieneficinL 
The immediate mural iii&uenc^ is ot the best. A manly feeling is awakened and 
kupt alive by the coiisciouaness ot power and skill to do. An inocnlive to fru- 
galilyaud enterprise is set forth. It has been laid down as a rule by Prof, 
Edwurd Atkinson that — 
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" Industrial education dignifies labor 
remunerative performance. If labor ha: ... , . . , , 

intellect ; it it abundantly rewards its serraiits. then it is worthy to be crowned. 

" The perfection ot our manu tact u res, the fxcilitating of commerce, the un- 
earthing of mineral wealth, the economizing ot the fertility ot tarniB, the di*- 
seiuiiintion oF practical knnwledf;e — these are ends which are being servfd by ' 
' the graduates of our industrial institutimis, These ends do not lack nobility, 
Theae forms ot labor require the exercise of hi^h intellectual powers. Tho 
attainments are ot no mean order which enable n mAii to perform the great feats 
of eiigineeiing for which nnr country is becoming kni>wn. or which are required 
ot superintendents of extensive factories. Even the doing of a single thing 
underatandinglj nnd well brings the doer respect trnm himself aiid his neighbor, 
and dignities hu calling. ' It is the privilege nf any humau work which is well 
done,' says Emerson, * to invest the doer with a certain haughtiness. He can 
well affonl not to conoilialo whoso faithful work will answer for him.' 

" The diminution of crime is to be expecled from the difiosion of industri*! 
ediicutioii. The percentage ot criminals who have received even the elements of 
an education is small. An nuthority on the subject, has said that ' one-third of 
all criminals are totally nneilucated. nnil that four-fitlhs are practically unedn- 
cated" Yet when the relative number ot convicts who are illiterate is compared 
with the number at those who liave not learned a trnde, it is fonnd to be inucb 
fmaller. It is stateil by Dr. Wines that in Baden onij4 per cent, of the prisonera 
are unable In rend when receired. and that they are fcr the most part fond of 
reading, but that SO per cent, have not learned a trade ; in Bavaria 12 pec oeut. 
are illiterate, SB per cent, ignorant of a trade. Mr. Charles F. Thwing a few 
vears since claimed that SO per cent, nf the ininntrs of the Michigan State Prlaotl 
hail no trade, while lexs than 36 per cent, could not read, write and cipher ; that 
in the Prison ot Minnesota 37 tit 333 prts-niprs could not rend and write, 180 
never learned any business j anil that in the Iowa Penitentiary the ratio of 
illtlernte convicts to those unskilled in n trade was about 1 to 6. 

" WhatPviT maybe the rehabiliCy ot these Ognrea, it cannot be denied that the 
lack of t«clmical training ia n prolific cause of ciiine. This lack is being sup- 
plied to wme extent by some recently establisheil a'diools, which both afford 
opportunities for such training nnd draw public attention to tlie existiug need 
olit. 

" The introduction of iuduatriiil tonturcF' into educational hiatitutions has a 
tendency to relieve education of the accumtinn that it is unnreotical. There are 
those that ask of oar schools more than they are intended to furnish. Their' 
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Tolce in years past rnllctl into being mAnunl-kbor ivnd iialf-time «chooiii. Since 
the Tuilure of Uieae means to reiilize the sipecUUons of their advocates, believnra 
ill eiliiciktion tur indiiatrint Ubors have beeti inicprtHin what course tn luliipt in 
oarrying out llieir views. Now, it may be saiid wLlh safety that the maps of mir 
citizeiiB arc cniivinuail that the edneatiouat Bystems and Inetilntions o[ tlie 
OouDtry nru above repmaoh, and will be inndlfieU liy the in trod action at tiew 
features as they are needed. A minority are ditiposeil to be critical and assert 
that education is unwisely coiidiir'ted, and that goreminenial aid migiht ba 
api'lied more reasotialijy to the eatiiblishment of public rarms and wiirkahops 
(or Iniining jiurposes than to public achools. 

" Finally, protection to American inatitutinna demaada the luditstrial educa- 
tion oF our youth, that they may ourry oar ideas of obedience to law and our 
republiran priciciplfs into the midst of the inultjiude oF foreigners that crowd 
our factories and our mines and perform much of our labor. 

" Oiira is a peculiar nntion. In it the principles of morality prevailing in 
ctvillzeil countries are upheld with warmth and reason. Onr political principles 
are distinctive and charaoteiistjo. Daniel Wehister enumerated them in one of 
his grout speeches. They are the estiiblishineiit of popular government on the 
basis of represaiitation ; the reeognilion rif the will nt the majority, fairly et- 
preasod, as having the force of law ; Ihs supremacy of law as the rule of govern- 
ment for all, and the existence of written constitutions founded on the authority 
of the people. He asserted bis belief that the influeiioe of town meetings in 
which American principles were recognized nnd followed, maile those who went 
from them ro dig gold in California ' more flt to roake a repulilicau gnvemment 
than any t^dy of men in Qemiany or Italy.' If there lie added to the lessons 
of our political gatherings and elections education in the et^seulials of govern- 
ment, instruction in the sciences contributinir to human prosperity, familiarity 
with thelaiiguaKesofeiviliKation,sonndrales for the conduct of life, and training 
for an ennobling and enriching occupation, then Amerioaii youth will be prepared 
oftener to fill leading places in industries, will win resjieot for their sltijt, learn- 
ing and wisdom, and, being respected and trusted, will be enabled 10 enshrine 
American liberty more securely in the hearts of laboring men. So our liind shall 
be the Imiiie of a safe and permanent nation, ' where an industrious population 
advances like a victorious army, where the poor find work, tiie laborer becomes 
a proprietor, the proprietor grows rich, and all have the hope of a prosperous 
future,' and the ends of our industrial education will be accomplished." 

Cotmnon sense and experieace combine in declaring that, 
to attain to eminence in science, art or literature, nations 
and comraunitiea must mtike liberal provision for institu- 
tions devoted to their study and investigation. A rudi- 
mentary principle of political economy is that, in direct 
proportion as money ia invested in the endowment of such 
institutions with free professorships and scholarships, and 
I the means for original rcKearch and experimentation, is its 
■■value compounded by their rapid advancement in those 
■Iteanches of knowledge which are the foundation of 
■national prosperity. In recognition of this principle, the 
jseveral States of the Union have not been backward in 
Endowing universities and colleges devoted to the study 



44 



and investigation of one or more special subjects, and the 
natural increase of those institutions is sure to provide for 
the maintenance and the reasonable advancement of our 
literary and abstruse scientific status among the nations. 
Let greater provision, therefore, lie made for the practical 
application of scientific and technical knowledge to our 
useful arts and trades, which are languishing in every 
branch. Whatever the cause of this depression may be, 
improvement in the quality of our products would go far 
towards stimulating demand and in restoring prosperity, 
just as it has done abroad in less favored localities and 
under more adverse circumstiinces. Besides, there are 
numerous new iiidustnea awaiting development and the 
assistance which technical knowledge alone can give. 
Society tires of the old and a depression in busineaa 

' ensues; it clamors for the new and novel, in which, when 
produced, it is always ready to invest millions ; thus 
aflbrding employment to many workmen, the disbursement 
of whose earuings in sustenance, clothing and Hhelter for 
their fiimilies has a far-reaching eft'ect in stimulating other 
industries. Witness the application of the recent dis- 
coveries and inventions in the domain of electricity. 

; It has been shown that, in Germany, France, Switzer- 
land, Belgium, Holland, and, later, in England, the pro- 
motion of the useful arts is acknowledged to be of the lirst 
importance, as lying at the foundation of all industrial 
enterprises, and in all those countries many of their ablest 
citizens devote their lives and scientific knowledge to 
improving methods of manufacture and the attrnctiveness 
aiid utility of staple products ; to the discovery of new 
designs and to the origination of new industries; while 
great polytechnic and less pretentious institutes exercise a 
healthy and stimulating influence in the same direction. 
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A resiiectable class of our citizens, both young and old^^^ 
men of ability, devote themselves to a single branch oru" 
phase of literature, the ornamental arts and the pure 
sciences, while, considering the size and population of our 
country, the number who devote themselves from similar 
motives to applied science, technical arts and education — 
i. c, not related to the social professiona and fine arts — is 
really insignificant. When, in addition to some such plan 
■ as that outlined by Dr. Philbrick. our agricultural colleges 
^ are given the breadth, and are equally devoted to the several 
I branches of instruction, intended by Congress; and when, 
r by the rearrangement of present and the establishment of 
additional polytechnic schools, sufficient industrial instruc- 
tion ts afforded to meet even present needs and demands, 
the more importimt. at least, of our indusTrial trades will 
take their true positions as of equal respectability and. 
value as the professions and the higher commercial pur- 
suits; and then the (to us now utopian) condition will be 
fulfilled when our mechanics and artisans, like the peasants 
around Groningen, can cast "compassionate glances at all 
that population of shopkeepers, clerks, professors, officials 
and proprietors who, in other countries, are envied by 
those who till the gmund, but here are regarded by them 
in the light oC poor j^sojtle." 



INDUSTRIAL AMD EDUCATIOHAL NEEDS OF BALTIMORE. 

The foregoing statement of the development and present 
L condition of technical eilucation, abroad and in the United m 
[States, though only a brief and incomplete historical sketch, 
kaffords a basis for comparing Baltimore, commercially and 
■ -jftechanically. with other localities where higher scientific 
P:liaethods are practised in corresponding industries. Such a 
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comparuon aeeins absolute! v nece«sarj' to awaken on io- 
terest in, and a demand for. more thorough and widespread 
anentilic knowleilge, the power and effects of which, in the 
arts, manufactures and trades, are portrayed in the preceding 
jMiges of this report; for it is to be observed that where 
the' lack of 9C!enti6c instruction and technical training la 
greatest, the want of it is least likely to be felt by those 
who are deficient in it. Realization of the need is gener- 
ally followed by sufficient agitation to secure it. 

It must be painfully apparent to a large numlter of our 
business men. ag well as to other Ihoughlful citizens that, 
notwithstanding her superior natural and artificial advan- 
tages and resources, Baltimore is not only not progressing, 
as compared with even less favored sections, but is not 
maintaining her former position in the commercial and 
-manufacturing world. Whatever the causes of the general 
apathy that is paralyzing her business enterprises may be, 
they must be analyzed, the facts brought to light and their 

' eflecta understood, before intelligent measures can be de- 
vised for producing a different state of aifairs. Although 

,g it is never an agreeable task to criticise, in any relation, 
the community in which one lives, yet here, as in surgery, 
the diseased part must be bared and ita condition made 
manifest before proper remedial measures can be deter- 
mined. The interests of our service are so interwoven with 
the commercial prosperity of Baltimore ; the poverty of her 
youth in intellectual attainments and mechanical skill has 
been so painfully manifested in the preliminary esamina- 

■ tions held the past year iu connection with the technological 
classes at Mt, Clare, as well as in the current mechanical 
operations of the service that, in view of the intimate 
relations that must always exist between the educational 
facilities of the city and any technological institution that 
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may be eatahlished within or near its boundaries, a il'ia- 
cUBsion, in this report, of the needs of the city in the 
matter of technical instruction and its advantages, be- 
comes pertinent — indeed necessary. Neither from profea- 
eional education nor experience am I able to treat the 
subject exhaustively. But what is hereinafter cited is 
patent even to superficial observation, and if, through 
this citation, such general interest can be awakened in 
Baltimore as shall result in placing her industrial and 
technical educational facilities — which are of paramount 
importance to her prosperity — upon a par with those 
offered by rival cities, a great boon will have been con- 
ferred upon the community in general, and the Baltimore 
and Ohio Railroad Company and all our other manufsic- 
turing corporations will enjoy the retlex advantages accru- 
HDg from the increased intelligence and skill that her 
Srorking-people will soon acquire. 

If those public-spirited citizens who recognize our defi- 
Btencies in this respect, and whose professional or buaineas 
iftttainraents place their qualifications and motives beyond 
•Avil, can be induced to unite in devising and in securing 
ie acceptance of an intelligent and practical measure fori" 
Bviving and extending the industrial interests of the city, 
a commercial and manufacturing advantages are unques- 
tionably such that it would soon not only recover its lost 
Jireetige, but would rapidly advance beyond the prosperity 
' many of its now successful competitors. At this time 
J-lhere are indications of the birth of a new South — a 
louth that shall become famous and wealthy, through the"' 
tevelopment of its immense resources and the application 
» its industries of scientific methods, which elsewhere 
l^ll be of slower growth, because they will supplant and 
lake worthless the expensive plants of present processes. 
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Standing as we evidently are at the threshold of anotl 
'"era of national prosperity, in wliioh the South and otht 
sections naturally dependent iiiron Baltimore (as the con" 
iiecting link between the North and South) for manufac- 
tured products must participate, the present is an oppoi 
tune time to make provision for industrial education coi 
menaurate witli the needs and resources of the city. 

The causes that have combined to relegate Baltimore 
to a rank so far beneath her true status as a commercial 
and manufacturing centre become readily apparent from 
a study of her industrial history. It is unnecessary to 
enumerate them here, but. it is pertinent to remark the 
almost invariable lack of appreciation, at times actualJjj 
assuming an attitude uf unreasoning antagonism, with whi( 
the efibrts of those who have sought to promote hi 
material prosperity have been received. Cousidering the 
widely divergent and irreconcilable views developed upon 
3- the presentation of many plans from time to time devised 
I for the improvement of lier trade and commercial rela- 
tions, it is manifestly useless to hope now for fruitful 
result from any similar propositiim which has not tl 
merit of promoting at least the principal business interef 
of the city. 

Municipal industrial education, however, offers a prograi 
upon which every business interest may harmonize, wil 
Z equal certainty of sharing in the ultimate prosperity which, 
as experience has shown, uniformly follows its general 
adoption in a trade centre, and which it can hardly be 
questioned wouhl, in the case of Baltimore, prove equally 
— and probably far more— valuable than could reasonably 
be hoped for from any of the measures for increasing oui 
general prosperity to which allusion has been made; whil< 
at the same time promoting the material, intellectual, am 
moral welfare of the masses of our population. 
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During the period between the close of the ^evolu-^ ^^^^jg^^^^^yj^ 
tionary War anJ the War of 1812, the city of Baltimore 
enjoyed its grentest prosperity, and at the end of the 
latter conflict it gave promise of becoming pre-eminent 
among the most prosperoua commercial and manufacturing 
cities of the country. It was then that its growth was 
most rapid; new enterprises were readily undertaken, and 
its commerce was, relatively, if not actually, greater than 
ever since. After the opening of the Erie Canal, its most 
astute business men, realizing that without more rapid and 
direct freight communication with the west, Baltimore 
must suffer greatly from the increased competing power of 
New York, as early as 1820 began an agitation for in- 
creased traffic facilities to the west, the outgrowth oFb.' 
which was the organization of the Baltimore and Ohio 
Railroad Company. Though constantly subjected to the 
attacks of rival corporations, to home opposition born of 
prejudice and jealousy, and to the more vexatioua in- 
difference with which its efforts to maintain and stimulate 
languishing industries have been met by those it sought to 
benefit, the Baltimore and Ohio Railroad Company is to be 
credited with diligent and consistent efforts to foster and 
enlarge Baltimore manufactures and commerce, and it is 
interesting to observe that, to the extent it and its afHliated 
interests have been conducted in a liberal and progressive 
spirit, they have expanded and prospered amid a general 
decadence of the city's industries. 

While substantially at its door are water powers capable supetior uaturnJ 
of furnishing motive force for many times its present manu- «o™"B?orB' 
factures; while the advantages of its superior geographical 
relation to a large and productive section of country are 
preserved by its being the terminus of an extensive trunk- 
line system tapping that section at many points ; and while 
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it has within easy reach enormouB reservoirs of the fined 
steam-making coals found in America, as well as generoujj 
supplies of iron, copper, hard woods, cotton, tobacco, and 
other material suitable for manufactures — in fact, all the 
staple raw materials, the conversion of which into manufao; 
tured products builds up those large industries and conn 
mercial interests without which no city c^n be great c 
prosperous — Baltimore has practically lost all claim to" 
pre-eminence or even prominence in any manufacturing or 

' mercantile pursuit. Not only do many industries developed 
elsewhere, and which should be prospering here, not existjj 
but it has been impossible to maintain those we had, anct 
yet the apathy of the community is such that no substantial * 
reaponee is made to tlie most urgent appeals for financial 
encouragement and assistance in increasing our commerce, 
reviving old or establishing new manufactures or kindret 
enterprises. 

To be more specific, I may remind you that Baltimore* 
has, apparently through pure lack of energy, lost the 

'West India sugar trade, and her iron industries are little 
abort of the throes of dissolution. The gravity of the 
loss of this sugar trade is shown in a recent pamphlet 
prepared under the instructions of Mr. C. Morton Stewart, . 
which sets forth the total value of the city's imports < 
sugar and molasses in 1874 as $10,598,227; decreased i 
1884 to $107,041, but even these figures by no means " 
represent the net loss to the city, in one decade, from this 
single item — the ten millions of imports merely representing 
the raw material broicght here ; to which should be addet 
the commerce supported by its transportation, the repaii^a 
to vessels, the labor and the manufacturing industries" 
incident thereto; all of which, when summed up, show 
a loss much more serious and far-reaching than that indi-_ 
cated by these bare figures. 
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Were Baltimore now able to manufacture those articles J"""" "pii 
for which West Indian products are exchanged, at prices 
and of quality that would compare favorably with the wares 
of rival manufacturers, thus directly exchanging manufac- 
tured goods at a profit for those products, instead of pay- 
ing for them in specie and compelling incoming vessels to 
look elsewhere for return cargoes, we could, in a large 
measure, again attract this lucrative trade to our port, 

Baltimore has entirely lost her reputation and renown DimiiiiBiiL.d 
in maritime pursuits, which at fhe close of the war of™*™' 
1812 was world-wide, without gaining compensating 
advantages. Possessing a fine harbor and firstrclass 
shipbuilding facilities (including a dry-dock hardly sur- 
passed in size and equipment by any other on our 
coast), she is yet debarred, through the unskillful work 
of her artisans, their trade agitations and prohibitory 
labor tariffs, from securing the construction of even the 
few coasting steamers registering at her port, while her 
shipbuilders are, from the same causes, compelled to decline 
bidding on the few oceau bottoms offering for construction 
here. The Abbott Iron Works, after a prosperous business kmxm u-m 
career, have been idle for a long time, and are now about 
being sold and the valuable plant thereof distributed. 
The same general cause accounts for the depression in 
other branches of trade, with the details of which all 
citizens who, like yourself, take an active interest in the 
welfare of the city, must be familiar. 

But it is unnecessary to multiply illustrations of neglected 
opportunities for enhancing our wealth and increasing our 
corporate and commercial importance, or of absolute loss 
of established trade, apparently from a species of dry-rot, 
incomprehensible, but very satisfactory to our more push- 
ing rivals ; for no one better than yourself appreciates the 
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great disadvantages under which Baltimore now Iiibon 
in her competition with other cities. It ia sufficient fcq 
the purposes of this report to point out that, because ( 
the city's commercial apathy, the Baltimore and Ohid 
Railroad Company has frequently been compelled to hazard^ 
and more than once to facrifice its revenues, in order to 
prevent the practical suppression of the trade of the port, 
in which the business interests of the city are coramoi 
with its own. 

.1 To cite recent examples of this, you will rememb< 
that when, less than a year ago, the Baltimore emigranfl 
business was threatened by her Northern rivals, the Bait) 
more and Ohio Railroad Company found it necessary tc^ 
surrender the profit of the business in order to secun 
the maintenance of the few steamship Unea running to thii 
port. 

Also, that though many attempts have been made 1 
retain our coasting trade, such was their lethargy, that it ■ 
was very lately found impossible to induce our merchants to 
subscribe sutficient money to insure even a line of steamers 
between Baltimore and Charleston. 
^ Probably I cannot more forcibly illustrate our city'sT 
'." poverty in respect to business enterprises generally, and 
lu to manufactures specifically, than by quoting at some 
length from the Report of the Commission on the 
Establishment of Manufactures, made to the Mayor 
and City Council of Baltimore in 1877, which contains 
much valuable information on the subject of which it 
treats, but which seems to have received much less con- 
sideration than its merits deserve. From p. 20 et seq. are 
extracted the following quotations : 

These tables, which have been vcrj catefoU^ prepared, disclose the poverty 
of BoliitDore ax t, iimnufikctiinTig oit; with pniiiiul distinctness. Baltimore is 
(by Table D) shown to be Inr below the iiiduslrini average in the proportion of 
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her working men to the entire population. There is one openitlve In every S.2 
persons in Wilmington; 1 in ever^ S.Ol in Fhilodeltibia : 1 in every 5.5 in 
B*i8ton ; 1 in every 5.8 in Cinoinnali : 1 in every 3.B in Newark, New Jersey ; 1 
in every 7,6 in St. Louia, while Baltioiare hns only 1 in every 8.1. 

This deSciencj o! itinnufBcturinR hands is oinre than Hcoouiiteil for by a still 
greater deflcieiicy of capital per capitii invested in industrial pnrsuits. In this 
respect Baltimore ranka the lowest of any of our Urge cities — lower even than 
LouiBirillu, Kentucky. In Pliihidelphia the cBjiital in nianufiictories is $363 per 
capitH ; in Wilininctan $335 ; in tit. Louis (104 ; in Cincinnati 9197 ; in Boston 
$188, while in Baltimore tliere is only $9T capital per cupita so invested—let^ 
than halt aa much as Cinuiiinati has ; just half as much as SC, Louis has '. only 
a little over half ns much as Boston has, and not a great deal more than a 
third Hs much as there is in Wiluiiiigtoji and Philadelphia. The tables of bunk 
capital and savings-bank stock and capital will show that in Phihtdelphia, 
Cincinnati, St. Louis and Chicago, the mnney vhich our citizens lock up in Uank 
stock, ground rents, private discount banks and such securities, is liy preference 
iDvested in productive industrial enterprises. In those cities, as the tables show, 
capital is used to buy niaterialsand pay wa^R!, and ret\irns in the shapeof ralueg 
received for prnductH mnnufactnrea. In Baiti more, on the other hniid, i^apitiil 
is usodto produce interest. While in neither ease can It be truly aaid that capital 
is barren (since the hiring oF money may be as useful as the hiring of sewing- 
machines or any other sort of tool or service), yet it is quite apparent that money 
used in manufactures and other forms of activa production is more fertile than 
money put at iritereet, or in ground rents or land, to reappear in permanent im- 
provements distributed over a period of yenra, or in houses and buildings. 
Capital in manufactures must turn itself over at least once a year, and it will 
be seen by comparing the colnmn of capital CIHilile B) with the colnmn of 
" materiiils," that more than the total capital of all manufacturing establlsh- 
inerita is every year invested iti the purchase ot raw materials for inannfacturing. 
and more than a third of the whole capital oF such establishments is annually 
disbursed as wages. 

Wages adiled to eo?t of material and the sum deducted from gross product 
gives gross protlts ot manutacture. expenses of course not being allowed lor. 
Tested by this, we find that in Philadelphia manufactures in 1870 paid 47 per 
cent, on nominal capital, in Cincinnati 43 per cent.. In San Francisco 47 per 
cent,, in Baltimore 48 per cent., in Chicago SO per cent.. In Fmulsville 50 per 
<»nt., in Boston 61 per cent., in Wilmington 71 per cent., in New York 74 per 
cent., and in St. I^uis 130 per cent. Ur questionably, these figures show an 
excess of capital to product in Philadelphia and Cincinnati, and a deficiency 
of capital to pnjduct in St. Louis, but they also show that manuFacturee 
are less profitable in Baltimore than elsewhere, wlien we come to deduct the 
heavy taxation and* other charges to which they are subject here, and From 
which they are free in Philadelphia. 

If now we turn to Table A, wo will find our deficiencies set out in detail in 
comparison with smaller cities, and with rival and competing ones. Your com- 
mission do not need to do more than call the i^ttention of your honorable body 
to the array of faots presented in this table, showing how we are surpassed, 
even in manutoctures which we ought to monopolize, ^ the most interior towns 
and cities. There is only one [mrticular in regard to which your commission 
will dwell upon in the flgurca in this table, and that is in respect of th" manu- 
factnres which are needed to keep up our mercantile business and domestic com- 
merce with the South and with our own counties. In the item ot agricultural 
implements, for instance, Chicago makes sever times as many, St. Louis five 
times, and Louisville three times as many as wo do. In the item of CartiliierB 
we are surpassed by Wilmington, not to apeak at all of other and Inrger places. 
In the item ot boots and shoes, leaving all New Enghtnd out ot the question, 
Philadelphia makes tour times as many, and St. Louis. Newark and Chicago, all 
three, eijual our production. Chicago manufactures more than tour times ns 
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iQAitj brioka as we do, in spite of our fucilities. In t!ie making of oarriagee, 
etc., CinDinnati maaufacturea more thaii four times as much >is we do. New 
Hnven six times, and Wilmington and Chii^ago three times as much. In con- 
tection(?r7, while no oitjr oun rival Philadelphia, Chicago makes three times as 
much as Baltimore. Our cotton manufactures are not jet quite on a level with 
those of New London. In fiour and meal Newark, Wilmington and Ixinisville 
arc oar equals, while Chicago makes three times and St. Louii fourteen times as 
much as we do. Chicago and Louisville beat ns in furniture. The gloM manu- 
facture of Pittsburgh is fifty times as great as ours. In iron manufactures, 
leaving out the great ecnlres of this industry, we (Ind ourselves inferior to 
Chicago, and not much abova Louisvilio. Newark, New Haven and Wilmington. 
In leather manutacturea we are complete!; outstripped bj all the large citiM, 
bj every city in the country, in fact, which has half our population. In Uqoora, 
distilled or malt, even Newitrk surpasses us. In macliin<>ry wo are not miu&I 
even to small cities like Newark, New Haven, New London, Louisville, Wtl- 
iningtnn, etc. In sugar refining, leaving out Boston, New York, Brooklyn and 
Philadelphia, we find St. LoiiJs beginning to be our rival. Of paints we mani)- 
foctura |400,000 worth ; St. Louis S3,000,000. St. Lonls makes ten times as 
much [latent medicine, ten times as inueh saddlery and harness, ten times as 
much manufactured tobacco, as Baltimore ; while Cincinnati makes twenty times 
as much soap and candles, and St. Louis four times as muoh ns we do. In 
stoneware we make tl27,00i>: Cincbaati $3,600,000. In sasli manufaeturine 
our products are a beggarly $145,000, against $3,300,000 for St, Louis, $800,000 
for Newark, $500,000 for New Baven. $250,000 for Wilmington, etc. In short. 
the exhibition is in the highest degree painful and mortifying, and must cause 
serious apprehensions in the minds of all persons who know that it takes trade to 
make trade. 

It will not be denied that tliis is an anomalous condition of things. Equally 
It will not be denied that manufactures bring wealth and population to cities in 
more certain and speedy ways than any other form of labor. 

Ae Amasa Walker sajd apon this point ; " It is without question true that in 
an equal manufacturing population will be found a greater accumulation of 
wealth than in an agricultural or commercial population. One important 
reason at this is that a larger share of the population are engaged in prodnotion, 
and a larger amount of capital is employed. Women and children, who conld 
earn but little in agricultural labor (and none in commercial], can earn much in- 
manufacturing. Manufacturing need never stop, summer or winter, oold or hot.. 
wet or dry. ' " 

These facts are not pleasant to contemplate, but they 
must be faced whenever an earnest effort is to be made to 
'■ increase the prosperity of Baltimore, be the time present 
or distant. It is idle to expect to escape competition with 
other cities, and equally idle to expect success therein 
under existing circumstances, or to depend for municipal 
growth upon sporadic seasons of national or local pros* 
perity ; for in these days of rapid travel, cheap and quick 
transportatjon, those centres best equipped with plant and 
skilled workmen will inevitably, in seasons of prosperity, 
substantially absorb the profits of quickened trade. In 
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the United Statea seaaons of grea.t prosperity are succeeded 
by periods of stagnation of trade, which subject our insti- 
tutions to great strain. During tbese recurring periods of'ei 
business depression, and because of the dearth of staple "* 
and diversified industries of magnitude, Baltimore suffers 
diBproportionately to other centres of trade. I am told 
that this strain was particularly severe when, during the 
labor disturbances of 1877, traffic was interrupted on her 
principal remaining element of commercial prosperity — the 
Baltimore and Ohio trunk-line system. Had the earning 
capacity of the city accrued, in any material degree, from 
manufacturing industry, the depression would not have 
been so great 

Mr. Mather, in commenting on the industry of our city, i 

jays: "Baltimore does not possess any large distinctive^; 

taianufactures ; her trade is chiefly that of grain and 

ttimber export." Though a mere statement of fact, this 

^quotation contains a reproach to our city, whose great 

Bflpportunity is that of distinctive manufactures, and whose 

reat want is an increase of productive capacity. It 

lannot be too often reiterated that we need greater indus- i 

ktrial activity to allbrd etoployment to our citizens, to add to "' 

lithe value of our property, to increase municipal income, and 

llo attract capital and men of business to our city. But at this 

ne to what industry can our people point as, in a visible 

jdegree, drawing foreign population for permanent residence 

Iwithin the limits of their city? Or what inducement do 

Ithey hold out to capitalists to bring wealth from other 

walities and settle here with a view to engaging in indue- 

Ktrial pursuits ? Our own citizens are phenomenally back- 

ffard in investing in extended business enterprises, and in 

he absence of special inducements it is useless to expect 

jAid from foreign business men or capital. Commercially 
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our city will remain nothing more than a second or third- 
rate exporter of raw material until, within its corporate 
limits, this raw material is converted into manuractured 
pi-oducts. 

Some cities depend for their prosperity upon the manu- 
facture of special products, as witness Manchester, which 
80 long enjoyed pre-eminence through its cotton textile 
fabrics, though it imported all the constituents thereof; 
Crefeld. a wealthy Prussian city, which depends for ita 
prosperity almost exclusively upon its silk manufactures; 
Sheffield upon its cutleryj and Lynn, Mass., upon its manu- 
. factored products of leather. But, as has been said, Balti- 
1- more can boast of no distinctive manufactures. Our only 
hope of industrial prominence lies in the inauguration of a 
multiplicity of varied industries. 

There is abundant testimony to show that a city's 
prosperity may result from a great demand for some 
local natural production, or even from limited markets 
where there Is no competition. Of this we have an ex- 
ample in the city of Pittsburgh, whose wealth is dependent 
upon the iron and coal trade ; as also in the oyster trade, 
of which Baltimore for many years enjoyed a substantial 
monopoly, and which is still of sufficient magnitude and 
financial importance to count as a chief element in the 
'- city's prosperity. But this oyster trade can by no means pro- 
vide support for our large population, and even respecting 
our oysters it is to be remarked, parenthetically, that for 
want of care, proper legislation and development, the beds 
of the Chesapeake are rapidly decreasing in yield, and 
already the oyster industry of Long Island Sound has 
become an active and powerful competitor of, and bids 
fair to eclipse, our home trade. Unless, therefore, 
efficient means are speedily taken to replenish our waters, 
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tbe time must soon come when " Baltimore oysters" will 
be as rare as "'Baltimore clippers." 

In times past, a city like Baltimore, possessing within 
its bouudariea (or by reason of cheap transportation, or 
favorable location, holding tributary to it) abundance ofp^* 
cheap raw materials might, if it possessed, additionally, J,^re 
facilities for cheap manufacture, successfully compete withoomylm 
less favored rivals, without much regard to the quality 
and finish of manufactured products. But in these days, 
when rival transportation lines distribute crude materials 
to competing points upon substantially equal terms, with 
little regard to long or short hauls, and when the cultivated 
tastes and luxurious habits which result from increased 
wealth create an active demand for superior quality and 
finest finish, such centres as are best prepared to turn out 
first-class articles will control the market. It ia just here 
that educated and skilled labor becomes a factor of the 
greatest potency, because, as has been shown in the first two ^^^^l gJitled 
sections of this report, while improving quality, it uniformly """"'■ 
cheapens production to such an extent that the control of 
such labor has enabled many cities to overwhelm trade I 
competitors who possessed cheaper raw material or better 
natural facilities. That we are totally unprepared to avail 
of any artificial means of bettering our condition is patent 
from the Report of 1877 already referred to, which in 
very stroiig terms sets forth our deficiency in regard to 
manufactures. However great the national and foreign 
demand for manufactured products might be, were all 
other factors present, the dearth of skilled and trained 
laborers in Baltimore is so great that it could not, to-day, \ 
compete with other cities in the manufacture of special — 
and not even of many staple — products. . 

Low rents and taxes and favorable laws have very great li. 
attractions for capital, and hence many towns, without 



58 

possessing any special natural advantages, have receivet 
the impetus which resulted in their becoming large manu- 
facturing centres purely as the result of a liberal municipal 
policy. But while exemption from taxation and other 
special privileges are influential in building up new and 
reviving and extending old enterprises, by inducing the 
investment of capital, yet, in the present era of active com- 
petition and small profits, a factor more important to their 
permanency is the assurance of skilled and intelligent labor, 
an abundance of which has been shown to attract capital far 
risou be- more than the other advantages enumerated. Comparison 
"pbiiftaaTi^hra between Philadelphia and Baltimore aptly illustrates this. 

mBnuIacturlng l •/ 

Mies. For commercial purposes no better, and for manufacturing 

purposes not so advantageously, situated as Baltimore, 
Philadelphia, first by offering special exemptions from 
taxation and other inducements for the investment of 
capital in manufacturing works and. later, by the establish- 
ment of such technical and industrial schools as the 
Mechanics' Institute, Spring Garden Institute, Franklin 

' Institute, the Philadelphia School of Design, the Pennsyl- 
vania School of Fine Arts, the Peunsylvania Museum and 
School of Industrial Art, the Mechanical Department of 
Pennsylvania State College, Girard College, and the 
Philadelphia Manual Training School, has grown into and 
maintains its position as the second city in the Union, and 
as pre-eminent in its manufacturing and allied industries ; 
while Baltimore, practically without technical institutions, 

n-except the meagre facilities of the Maryland Institute, 
and until lately with onerous and unusual taxation, has, 
aa stated by the city's commissioners on the estab- 
lishment of manufactures, substantially starved out its 
old, and prohibited the undertaking of new, manufac- 
turing enterprises. We may deepen our harbor and make 
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valuable additions to our natural and artifii^ial facililiofl for 
-trade and commerce, but, as Mayor Latrobe aptly rerrmrki'd 
in his message (1877), " We should rememfier that it Ih not 
commerce alone, but commerce and manufacturer together, 
which will insure the future prosperity of the community." 
Comparison between the present condition of Baltimore 
and the industrial status of many European cities that have; 
experienced its vicissitudes only goes to wtrroljorale the' 
conclusion herein announced — that the ba/^kwardDefw (}f the 
former results from the insufficient technical f^tication of 
our artisans and laborers. [Exhibits D, E and F.] Neithirr 
our immense resources in the shape of nw materials, (^mr fo- 
cilitiee for manufacture, our advantages in the way of cheap 
living and healthful climate, nor theoffering of low taxe« aorl 
rent, nor all these combined will effect, at thix late date and 
[ nnder existing conditions of trade, the restoration ■'^ Balti- 
^more to its Dormal po«itioo among the indofftnal and 
commercial centres of the cotmtry. Bat if we crtfwn all 
the^e advatitagea with that most potent of all ajgen««s for 
pnnnoting indostrial prosperity, a comUnatioa of auperior 
I Ukd iDtelUgenoe on the part of oar maasfen and 
J we may then hope to stimaiate new huimem 
' Tentnres and to see Bahiroore oooe mote taking nak witli 
the firTt cities of tbe nation. It it Tery §eaenBycameeiti 
that noeBtefpmetnrmDgoatpfodDC t ifor— ieean — e tni i 
' eoraipete la o«ir own and foreign maribeti oalav 
■ fkSfi and atUrlUpxix cam be peinuvd to eoadnet 
CatMiaijibea it a oaiy reammMe to mffom Aat if 
are 1— .ntia l to mtetem m nay mimattj^Z 
■ wfedewe to «^i^ >B that baM* 






lishing or helping to establish technical schools. We have 
an abundance of crude labor, as well as of cheap and crude 
material; but preliminarily to converting that material 
into attractive and useful products we must so train our 
artisans as to make them at least the peers of foreign and 
home workmen following kindred pursuits. Then, when 
men of means and enterprise realize that we offer them 
not only raw materials and the same concessions and 
liberal policy that have proven so successful in promoting 
the corjrorate prosperity of Philadelphia and other cities, 
but likewise the necessary skill and intelligence to transform 
those materials into marketable commodities, we may 
reasonably count upon the assistiince of outside capital in 
starting a host of manufacturing and kindred enterprises. 
In every field where American enterprise has entered, it 
has asserted itself and has been fully recognized — especially 
in labor-saving inventions for agricultural purposes. What 
has been accomplished in agricultural machinery can be done 
ancB of in metallurgy, textile fab ric8,wood-work, railway appliances, 
y to Baiu- gjg Nowhere are there cheaper or more extensive deposits 
of minerals, timber and other raw material than in the 
vast mountainous regions of Maryland, Virginia and West 
Virginia, tributary to this city. Ample capital is seeking 
iiaekiiiB Investment in any busiaess in which profit is reasonably 
certain ; machinery embodying the latest designs of the 
inventor's skill can be procured ; markets are accessible ; 
what is needed is skilled and educated laborers to direct and 
carry on the industries which convert raw material into 
manufactured products. But skilled and intelligent work- 
men are not found to hand ; they must be made. 

The foregoing may appear to be trite remarks, more 
suitable for trade reports or the proceedings of civic 
banquets than for embodiment in a report of this character, 
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valuable additions to our natural and artificial facilities for 
-trade and coraineroe, but, as Mayor Latrobe aptly remarked 
in his message {1877}, " We should remember that it is not 
commerce alone, but commerce and manufactures together, 
which will insure the future prosperity of the community." 

Comparison between the present condition of Baltimore Ba 
and the industrial status of many European cities that have "["J" 
experienced its vicissitudes only goes to corroborate the*'*"'^ 
conclusion herein announced — that the backwardness of the 
former results from the insufficient technical education of 
our artisans and laborers. [Exhibits D, E and F.] Neither 
our immense resources in the shape of raw materials, our fa- 
cilities for manufacture, our advantages in the way of cheap 
living and healthful climate, nor the offering of low taxes and 
rent, nor all these combined will effect, at this late date and 
under existing conditions of trade, the restoration of Balti- 
more to its normal position among the industrial and 
commercial centres of the country. But if we crown all 
these advantages with that most potent of all agencies for 
promoting industrial prosperity, a combination of superior 
skill and intelligence on the part of our managers and 
workpeople, we may then hope to stimulate new business 
ventures and to see Baltimore once more taking rank with 
the first cities of the nation. It is very generally conceded 
that no enterprise turning out products for sale can success- 
fully compete in our own and foreign markets unless 
superior skill and intelligence can be secured to conduct 
it. Certainly then it is only reasonable to suppose that if ue, 
special schools are essential to success in any industry, wheri 
men who desire to engage in that business would rather "a«J 
go to a city where such schools are already provided than 
to a city like Baltimore, where, before they can hope for 
success, they must be at the expense and trouble of estab- 
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As one of the first steps toward securing much-neededl 
lil^ai additional facilities for the technical training of Baltimore's ] 
youth, there should be radical changes in the present ] 
methods and charactei- of public instruction. I fully I 
recognize how much easier it is to point out errors of \ 
administration than to suggest wise remedial measures, 
ae remo- and how Unbecoming it would be in any one to make such 
suggestions without special preparation and recognized 
fitness for the task. To change the character of public 
instruction in a great city like Baltimore is a very 
serious undertaking, and no proposition contemplating such 
action should receive serious public consideration unless 
sustained by irrefutable facts and arguments. But while I 
conceive it to be altogether outside my duty, even on behalf 
of the material interests of our service, to propose lines for 
tor con. municipal policy, and while I believe your instructions 
ciiitieB will have been measurably executed when I shall have 
given you a clear idea of the character, extent and effects, 
in general, of technical training, and specifically of the 
beneficial results that may, with reasonable certainty, be 
counted upon to follow the inauguration of technological 
instruction in the Baltimore and Ohio service, 1 also feel 
that the character of tuition under the public-school 
system of Baltimore and the State of Maryland is of as 
paramount importance to any technological work at Mt. 
Clare as is the commercial prosperity of the city to the 
revenues of the Baltimore and Ohio Railroad Company. If, 
in order to secure in its staff and in the rank and file of 
its service the same (if no greater) skill, intelligence and 
consequent efiiciency that our Northern and Western rivals 
enjoy, the Baltimore and Ohio Company is unable in 
the future, as during the past year, to procure from the 
great mass of population in Baltimore enough candidates 
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for apprenticeship possessing the minimmn elements of a 
grammar-school education to meet the requirements of the 
service, but must undergo the additional expense and labor 
of instructing its apprentices in those rudiments of English 
education which are absolutely essential as the ground- 
work for even the most superficial technical training, it 
will be well to consider whether economj and the best 
intereyta of the service will be promoted by continuing Mt. 
Clare aa a construction station j and whether greater 
economy and more satisfactory plant will not be secured 
by distributing its machinery among the company's repair 
shops, and depending for articles now manufactured at JSIt. 
Clare upon those outside works which — by reason of their 
employes having acquired a higher knowledge of the scien- 
tific laws that underlie their trades, and greater skill and 
higher intelligence than prevail among the artisans of 
Baltimore — turn out with economy the highest grade of 
such products as we now manufacture. 

It would seem that, in view of our large expenditure for 
free public schools, there should be no diflficiilty in secur- 
ing educated boys for apprentices. The appropriations for 
the public schools of 'Baltimore aggregate about three- 
fourths of a million dollars annually, out of which nine'" 
hundred and sixty-three teachers are employed to conduct 
the schools. The estimated population of Baltimore at 
the present time is 400,000. The number of children and 
young people of school age (between 6 and 21) at the 
last enumeration in 1879 was 86,961 (it is now probably 
100,000), of whom 52,970 were enrolled in the public 
schools in the year 18S5-6, and the average daily attend- 
ance was 34,217. There are no statistics showing the 
number in attendance at the various private schools in 
the city. Of the 100,000 children and young people who 
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ought to be in school, perhaps 95 per cent, of the males, 
and a large proportion of the females are destined to 
gain their own livelihood — a ranjority in the trades and 
manufactures — and many must, wholly or in part, con- 
. o[ tribute to the support of others. The overshadowing impor- 
ia''miie tance of so shaping our system of education as to convert this 
greatannyoffuture citizens intointelligentand law-abiding 
men and women, who shall be able to maintain their self- 
respect by at least providing for their own wants, induces 
me, not only on account of the needs of our own service, 
but also from a consideration of the future well-being of 
the laboring masses and of the city of Baltimore, to unite 
with General Counsel Cowen in invoking your active efforts, 
" both as an officer and a citizen," in solving the important 
question how best to afford our working-people that 
character and quality of knowledge and training which 
will qualify them for conducting successfully the occupar 
tions of industrial life as they exist to-day, and which all 
interests, individual, corporate, municipal and national, 
alike require they should enjoy. In view of the peculiar 
NocosBitrofuni- identification that exists between Baltimore's political and 
cha^"tu''uuwfo educational systems, it is apparent that, to secure any sub- 
in»irnc«0Q. fitantial or valuable change in existing methods of educa- 
tion, will require the active countenance and support- 
without respect to political bias — of our entire business 
community, as well as of all other citizens of responsibility 
possessing knowledge of the conditions and needs of the 
city. Already many intelligent working-people are begin- 
ning to realize that if any improvement is to be made in 
their material condition, it will be through the proper 
education of their children in industrial occupations, and 
that therein, far more than in the false movements and 
agitations of trades unions, lie those elements which. 
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properly fostered, will insure the pennauent betterment of 
their condition. It has been wisely said that "from 
domestic economy rather than from political economy 
will come the solution of the labor question," In thrift 
and industry, and in recognition, on the part of employers, 
of the justice and necessity of encouraging, in a practical B;m 
way, all legitimate efforts of workpeople to improve their^'honajitlimi J 
condition, surely lies the true solution of the great problem 
of labor versus capital; for you will have observed, from 
the historical sketch constituting the first part of this 
report, that in those localities where industrial education 
and technical training have been most promoted by employ- 
ers, there, also, are the least friction and the least agitation 
of the complex and vexed questions constantly arising else- 
where between employer and employe. In this connection, 
I extract from the September number of the New Princetim 
Review, for the current year, the following citation from 
the proceedings of a New England Workingmen's Club: 

"We have emmined the reports of ftttendance, and the courses <jl study, of 
nmnj o( the piibllu schools in iDuiiufucturhig towns in various parts of the jjQ%Jq„",'^||,.|j|j|^. 
country, and the imjiressinn mode upon our minds is that the arrangement of msn'HOlub n^m 
Hudies' is, in the miiiu, adapted to the wants ot pupils who take the full publio-'*'' 
school, or high-school, cuuriie, so as to be [irepared, or nearly prepared, to enter * 
oolli-ire. 

We also find, by extended inquiry, that a large proportion of the children 
o[ laborerB, especially in manufacturing and mining commuuities, teare sohool 
finally before the; are fourteen years oC e.'^e. It appears to us that the ediica- 
tioii of these children is, usmdly. peculiarly ineflScient, and, as a preparation for 
proaticnl lil«,at little utility, from the fact that they have been employed mostly 
in huginningt iu variona branches oF knowledge, and hava acquired but little 
that is complete in ilself . The studios for pupils under fourtt^en years of age 
seem to be, in great ineasiire. only a prepanttlnn for the work of the more 
advanced classes, and ihi-y are therefore of uncertain value to tbone who must 
leave lioiiool at the age mentioucil. 

We recommend that the ulub invito the co-opemtinn of workingmen who are 
interesled iu education in the effort to arrive at some practical conclusion regard- 
ing the particular education which working- pen pie need — the kind of knowledge 
or training wiiich can be oUtained at school which will be of most worth to them 
in mature lile^and we suggest tliat it would be well to obtain itnd compivrc 
opinions as to a course ot stuily. or different special courses of stiuiy, for boys 
and girls who must leave school at fourteen years of age. 

We will add that it appears to us that such inquiries will be more likely t<i 
yield valuable practical results if some division is made of the subject of educa- 
tion, than if it is takeji up as a whole, or in an abstract or general way. The 
following is suggei^ted : 
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Ii It is tluinble tbat the children of working-ptoplc should obtnin at rIiooI 
kiionledfre nnd training which shall be. in ttnme measure, cumplete in itselt and 
Hvailable fur use in after ;ears regnrding nieang iniA metliniU lor the prewrr*- 
tion at their bodily health. That is, llioj should receiTB specific iiiati uctioti as 
to healthful VAja nt living, and in the cure of their eyei, teetli. digestire di^iib'. 
imd other Inxlilf faculties. The ordinary methnds of tau'hing phyiiologj Iq 
schonls seem to us rather vagao and inelTeetive. and, at any rate, not suited to 
the needs of the class of pupils we no? have in raind. They should be taught the 
laluo of pure air irnd ol pure water, and of some measure of out-of-door enjoy- 
ment, in relation to health of body and niind. 

3. Laborers of ail classes need tar );roater readiness in "the use of fl^rures," 
ill ordinary business operations with numbers, than is usually attained, even by 
the advanced pupils of our public schools. .Our children should be trained to 
thorough efDciency in the use "t the tables and rules used in measuring or ascer- 
tJtiiiiDg quantities of all kinds in actual business, such as briek-work, atoner 
work, and everything I'onnected with building operations : in the measuremcnl 
of articles of merchandise, of surfaces and solids of various kinds, and in the 
methndu of eompulation for interest, percentage, etc. 

3. They should be taught whatever will be in the greatest decree F^erviceablr 
-in enabling theoi to make life interesting for them seU~eB and for those about 
them, and should be early tikuglit that they inu.it depend mostly ntan them- 
selves for this object, As one ol the best means to this end. they should be 
taught to understand, enjoy Bod respect the powers of the English language, 
and should be trained to speak and write it With directness and sinceritj, so that 
while tliey subsist by the labor of their hands, the life of working-people may 
1»3 made attractive and interesting to themselves by thought. We bclievB that 
the inelHoienoy of education, »nrl the vagueness and uncertainty of thought or 
mental vision whieh it produces, are highly injurious to the interests of the 
working-people of our country." 

In order to suggest intelligent direction for your efforts 
;ind those of other piiblic-apirited citizens whose active; 
occupations ant! pursuits forbid their giving tliis subject 
i^_ the close investigation and thought its importance and 
great scope demand, it is proper briefly to enumerate the 
proposed objects and methods of our school system, as at 
present conducted, and then invite attention to the viewp, 
of those best (jualified to make suggestions and recom- 
mendations for improving (lur present method of public in- 
struction " in the interest of those working-people of limited 
means who wish their children to look forward to manual 
labor as the means by which they are to obtain a liveli- 
hood," and fitting it to the industrial conditions that must 
exiet hereafter. It will be sutficient for this purpose anil 
will prevent unnecessary enlargement of this report ta 
review, very cursorily, the educational facilities and 
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institutions of Baltimore ; the character of instruction 
aiforded and ita bearing upon the industries that it seems 
essential to our interests to improve and promote — refer- 
ring you to our annual school and other municipal reports 
for more detailed information. , 

First and most important among our educational insti- 
tutions stands the system of public schools. These com- 
prise primary grades, enrolling last year 24,611 pupils; Eoroii 
grammar grades, enrolling 13,381 pupils; city high 
schools, enrolling 1163 girls; the City College, enrolling 
630 boys ; the Manual Training School, enrolling 120 
boys. [Report of Commissioner of Public Schools, page 56.] 
The subjects taught in the primary grades are reading, Mubi^. 
spelling, elements of arithmetic, penmanship, drawing, and 
vocal music. The same studies, with geography added, 
are pursued in the grammar grade, which requires five 
years for completion, and physiology, history, grammar 
and composition, algebra, geometry, and elementary 
physics, are begun toward the close of the grammar 
course. The subjects taught in the City College, m cuyo 
addition to the common English branches, are English 
history, book-keeping, chemistry, natural philosophy, 
Latin, Greek, French, German, literature, algebra, geome- 
try, trigonometry, calculus, astronomy, mental and moral 
philosophy, logic, and Constitution of the United States. 

The advanced studies in the girls' high schools are oji.,b. 
elocution, French, physiology, etymology, music, algebra,"^'""''''' 
drawing, literature, rhetoric, natural philosophy, geometry, 
history of United States, mental philosophy, book-keeping, 
and astronomy. 

The other public and endowed institutions accessible to oumr 
residents of Baltimore are the McDonogh Institute, with'nB""" 
a capacity for about 100 pupils ; the Maryland Institute, 
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with very inadequate accommodations for perTiapa 500 c 
600 students ; the University of Maryland, for studentj 
of law and medicine ; the State normal school and colore 
Dorniiil school for training teachers ; and the Johoi 
Hopkins University, which aflbrds higher instruction < 
such students from different parts of the world as posses 
the high standard of qualifications necessary for admisi 
sion to its classes. 

With the exception of drawing in the public schoo^ 
but little is taught that serves to fit pupils for industrial 
'* handiwork. Of the schools professing to teach, 
practical way, the science and arts underlying the indual 
tries of this country, there are only the Maryland Insti- 
tute, the Manual Training School, and the McDonogh 
School. The firat of these has to do with the arts and 
with drawing, while only the latter two pretend to tea<!bj| 
applied science; and together, tliey afibrd instruction 
fewer than three hundred boys, many of whom are in'* 
these schools for only a secondary purpose, expecting, 
ultimately, to become clerks, shopkeepers, or professional 
men. 

At the present time in the city of Baltimore almosl 
nothing is being done in the way of affording evening's 
instruction to young people who are engaged in labor 
during the day. The attempts that have been made 
towards doing something in this direction by the public 
schools have not been very successful. No doubt one of 
the principal reasons of the failure ia that the instruction 
offered to boya and girla has not been sufficiently practical 
to induce them to put forth the exertion required to enable 
them to profit by it, 
"■ From these scanty statistics and citations it is 
^E' Been that only a few schoolsj with very limited i 
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and insignificant financial support, can be classed aa afford- 
ing ourworking population a knowledge of the sciences as 
applied in industrial pursuits, and, therefore, the members of 
this large class necessarily enter the usual occupations of life 
untaught in technical knowledge and untrained in manual 
skill. Lacking the technical knowledge and the manual 
training to perform intelligently and skillfully the operations 
of the manufactures and other kinds of industrinl work they 
expect to pursue all their lives, they must waste years that 
should be devoted to school or to earning wages, in acquiring 
sufiicient manual dexterity to make thfeir services valuable 
even in this market, and in doing this they forget much of 
the temporary information acquired at school. Manifestly, 
therefore, in order to supply the missing link in our public- 
aohool system, something must be done to provide facilities 
for imparting information and afibrdlng training of a char- 
acter that will fit the workingman's children for acquiring 
such scientific knowledge as can be utilized in their 
various occupations. Of the $715,362 appropriated by 
the city of Baltimore for public-school instruction for the 
year 1885, only $12,800 or IJ percent, was devoted to con- 
ducting the Manual Training School, and this is the only 
purely industrial institute provided for under our public- 
school system. The remainder of this very large sura is , 
divided into sub-appropriations for the several grades de-'" 
voted mostly to literary training. Included in this general 
Bum is $6000 for conducting evening schools, which, how- 
ever, are devoted entirely to the common English branches. 
While only $12,800 is devoted to special Industrial educa- 
tion, about $75.000 — or more than 10 per cent, of the 
school appropriation — is annually expended in maintaining 
two high schools and the City College, which do little 
toward fitting their pupils (about ISOO or less than 4 per 
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cent of the enrollment) for handicrafts — their curricula 
being intended to qualify pupils for clerkships and the 
learned professions. 

Afl the Johns Hopkins University is exclusively devoted 
to higher education ; as the Marylaad Agricultural College 
is practically a cipher in affording technical traioiag; as 
the Manual Training School, even were it an efficient insti- 
g' tution, as in point of fact it ia not, could instnict only 1 50 
boys, or less than three-6fths of one per cent, of our puhlio- 
school enrollment; as the Maryland Institute, with its 
meagre facilities and insufBcient support, affords only special 
instructioa in art and drawing, it may properly be said 
that Baltimore, with a population of nearly 400,000, a 
school enumeration of nearly 100,000. and an annual school' I 
expenditure of nearly three-quarters of a million dollars, is 
practically devoid of facilities for fitting her working classes 
for their life work. In view of these facta, I apprehend it 
is not overstepping the bounds of propriety to suggest, in this 
report, that those children whose circumstances or inclina- 
tions clearly point to an industrial career should have facili- 
ties for special training bearing on their life work relatively 
equivalent in extent to the facilities that are now afforded 
in our City College and high schools to those who expect to 
follow avocations of a different character. It is not intended 
by these remarks to claim that public-school instruction 
should fit persons for industrial pursuits alone, nor that it 
should attempt unduly to dispose children towards those 
pursuits, but that it should afford opportunities for qualify- 
ing those whose circumstances and dispositions or genius 
point directly to industrial occupations, for that sphere of 
labor, just as it now fits others for literary work or the 
learned professions. That technical education has a claim 
on our municipal schools equal to that of literary educa.- 
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tion, and that industrial tmining deserves a place in our 
achoolB both as a necessary complement to intellectual 
training and as a preparation fur pursuits involving 
manual labor, ought to be patent to all. 

Without undertaking to discuss at greater length the 
efficiency or practicability of the instruction in our free 
schools, attention cannot be too strongly drawn to the fact 
that the whole tendency of our teaching is the imparting 
of temporary information tochihiren, less than 4 per cent, 
of whom pass into the High School, and probably 90 per 
cent, of whom pass from our jirimary and grammar schools 
into various industrial occupatioas heffre reaching jifteeit 
ffeara of age. On this point I cannot more forcibly and 
gracefully present the deficiencies of its common-school 
system than by applying to the city of Baltimore the 
language used by Mr, William Mather, of England, 
in his testimony before the Senate Committee on Educa- 
tion and Labor, whose report on labor and capital has but 
recently been published. This testimony is a valuable 
(xpose of the practical relations of our educational system 
to our industries and, besides being lertile in suggestions 
of value in reference to the American school system 
generally, bears directly upon the question now under 
consideration — the educational needs of Baltimore. Mr. 
Mather says : 
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my travels through yoiit couutry in pursuit of my inquiries, I have visited 

iohools and colleoes, aiid I think I huve a. pretty (iir notion of what y 
dding iu the directlou of eduantioii, both t;eneral1y aud BpeclDc^ally. My opinion 
is, in regard to the question raised hr your inquiry, thitt you would hnve an 
immense effect upon the e')ndition of t^o working classes here it you would alter 
the methixls of t^tichiiig in your jirimary and grammar schools, and very much 
also in the high scliools. 

After having given reading, writinK. arithmetic. an(l those rudiments of edu- 
uation which you give thoroughly and in toil! gently —you seem in that respect 
to ground the oliildren thoroughly well in the rudiments of education — you then 
seem to pile upon them a lot of studios which do not enter into their lives after- 
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WftrdjWheii thoy come to work, and you utterly ignore in all your public sclit 

that element oF industrial training which seems to me bo necessary for cv 
neopIe_-particuliiv]y a people like the Americans, so mechanical and iuilUBlril 
ia their occnpiitioiiB. 

Looking at the course or education of the grammar school, the {cradaates of 
that school ererywliere appear tn nie to have spent a great deiil of time on the 
reSncmenta ol cranmiar and -of liteniture — eduiation of very little cousequence 
to them when ther puss into their life-F m ploy meuls— and daring that time they 
have no opportmiity of acquiring knowleilge of the natural litws or elenienis of 
chemistry, physies, or Ihp vfirious sciences that underlie nil the industries that 
abound in the country, and into one or the other of whifh these children are 
piissing. That is nil a dnrb mid unknnwn land to them, and I think it is a mf 
fortune to thn working classes of this country that their education runs so mm 
to the side of litemtnre, and ]int to the iadustrinl and scientiHo side. 

To illustrate how roiidily children can acquire such Information, we 1 
adopted in ISngland. in our n^ew " Board " schools, quite h different system. 
you examine a Imy of twelve to fonrtepn jeara of age in our new " BoArd 
schools throughout any of our large cities, you will Bnd that he will nt that age 
kiiow as much about llie elenieiits of simple mathematics, mechanical drawing, 
physics, chemistry, electricity, magnetism, and all those general elements of 
science, as many of ynur boys and girls do in the high schools when they are 
sisteen or seventeen years of age. That is not owing to the fact that our bovH 
and girli are any smarter or inire intelligent than yours, but is owing entirely 
to the system of edncation adopted. We are endeavoring to liring this natunu 
system of education in our coDUtrr to a point where it will be of use lo the 
working classes chiel!y ; and we eiiaeavor to tench them those subjects thnt will 
hare a direct bearing on their future employ men ts. Without teaching them a 
trade, or any particular handicnitt, all the tendency of the tcathing is to make 
them either commerciiilly or iiidu!>trially n success, in the way of baring some 
scientific knowledge which they can utilize as they po^ ioto their various occu- 
pations. 

I find in this cnnntry what I should caU lamentable want in this respect. 
think it only requires that your public men. your educators, should take tl 
into immediate consideration, in order at once to alter the ciurricnlnni of ' 
grammar schools, so that a large portion of the time should be devoted 
more important subjecbi. and less given to the facts of ancient history oi 
matters, which the children will probably never think o( when they 
out of school into the ordinary occupations of life. • • • • • i 

Under the ordinary arrangements we are now trying to introduce indnsi 

occupations geDenilly. mid we have thus far tried it to the extent of joinery ni 
carpentry classes. We have in several of the Manchester schools put up shpds 
for carpentry classes, fitted up with l>enehes, and tnrried every boy in the 
schodl, tuiltng volens, who is as much as ten years of age. into the oarpantrf 
class for three hours every week, dividing the lime into (hree lessons per week. 
There all the various timbers from nil parts of the world are collected, and a 
little lecture is given to the boys as to the character ol the woods and what ihey 
are good for. Then cai-h boy must take his tools iind cut from a log a certain 
piece of timlier, under the instruction of the foreman of the department. So 
each boy goes through the different lines of work in the department, always 
under Instructions. This has htul a wonderful effect on pnpils. and has really 
increa!>ed their intelligence, so that the three hours Inst f mm the other depart- 
meolB of the school are not, in fact, lost, aa the boys keep well abreast with the 
others in the other studies. 

Q. Yon find this industrial education quite as beneficial lo the inte.lect as the 
pnrsnit of the studies in the literary deptirtmentf 

A. Yes: it wonld almost seem to have revealed to us already that the proper 
method of training the intellect is to join iiidusCriul work to the teachings ot the 
school. We find these boys are more taiiablcof uiidersliiudinglhc oral teaching 



1 




73 

Kod tbef understand better what they raaii. Their minda are raude more 
reflettivB and receptive hy the fuel that they have depended more upon tlicni- 
selves, and put inio operation the kimwlpdite that they huve befure acijuired in 
the sehonla. That csperiraeut has bet- n tried, us you are prolahlj aware, very 
extensively in Fniiicu since the Itepublio wna eslabiished there, and wltli very 
reiuArkable results. On seeing, in some oases, the benefits to be derivrd froiQ 
tbat plan. «*e have mnde some experiments in England, nnd we thiuk tliey are 
so sutLsTaotory tliat we shall endeavor to bring to adoption in all oiir public 
sehonls some plan of industrial or mechanical training to go side byside vrith the 
intellei'tiial courses. 

C Will vnii be kind enough to give u<" the resiiltsof your investigations, if you 
pleasef We shall net often have opportunity to get it from so authoritative a 
source. 

A. Well, 1 hardly think it would be quite pertinent to the question we are 
diacndsing. All I need to iiay is that 1 think the opportunities in France, 
Switxerlutid and Germany for technical training have of lute years become 
qtiite estensive. In all large cities the training is very thorough. U they err 
at a'l there, it is, as I think, that th<>7 theuriEe too much, and oanse their 
students til imagine that, in passing through their technical schools, they have 
already acquired all the knowleilge iieoeasary to make them engineera. chemists, 
miners, etc., and thiit actual, pnictical work in shops, mines and laboratories is 
not nece-wary. ThHt is the evil that is encountered by their methods ot teiich- 
ioff, and is one thnt 1 think neither Amerioans nor the English are likely to see 
it) their own systems when they adopt anything of the kind. 

As yon know, your ooontrr does piasess already a considerable number oE 
vary remiirkable tei'hnical flcnoiils, which certainly are not siirpn.«seii by any 
school in Europe. They are schools, however, tbat are not avail.ible for the 
working clashes, as are those n[ Gfrmiiny. Francs and Switzerland, and what 
little we have done in England. They belong to a higher rank in snci<>tj. and 
therefore you have not felt them in your ordinary life. But tor the traininft of 
skillful managers, foremen, and even proprietors of large induslriea, about a 
dozen of the schnolnand colleges of this country are not surpassed by anything 
in Burop. I need only to refer to the technologieal instiiute at Boston, for 
example. That form of school is piirtly teohnioal, and. in the branches which 
they adopt for their course of teaching, they have a practical method of currying 
out all tlie, occupationt. industrial and prartieal. In a simple form tKiore the 
St udfnts which I think is much more to the purpose than anTthingdone in Europe. 
The American mind is essentially more practical than the German or the Prenoh. 
and in these schools we see the effect of tho difference. They keep their eyes fixed 
upon one thing — that these 7oul^g men are to become masters or baptuliia of 
indiistry — and, therefore, all the teaohing has a strong practical bias. The State 
universities in Ibis country— those onminji under the national grant— would, of 
o«iUT«e, bec'ime exoelleni sources for technical and induatrial learning, which 
night l« ntilizcd largely without costing much money, either to the State or to 
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to have a widespread — almost unlveraiil — opportunity for all the 
people here to get a technical and scientiQo education. All that you wai>t is a 
shuffling of the cards to alter the curricula of the various institutions. There 
is more spent in this country for eilucalinn than in any other country in the 
world — bi>th I think by private beneficent individuals who have left money for 
certain colleges and universities, and, rif course, by the generosity of your towns 
and cilies in the public- school system — that is a fact of wodd-wnle notoriety. 
I do lint think the working cIhssps here have anything at all 1o complain of in 
regard to education, except that it does not have a strong enough and olos» 
enough relation to the industries which the working classes pursue. 

When you lurn out nine-tenths of all the boys and girls in this country from 
tbe schools at the grammar-siihool age — fourteen or flfteeii — ynii can sec liow ira- 
poctaiil it is that at tliat age they have not been carried through that precise 



oouree ot study which thneo may tvtaoiiMj pa«s thraugh who intend to pan . 
educatinn up to the age of rtghtefn in the higK ■ohool. I suppose it would be 
a verjr simpie matter to make such regulations in rei^nl to primary and indiiB- 
tHiil schools for those children whose parents inland thej shall loave at fourteen 
or flfteon years of Oige. and not pursue the high-gohoot studius ; that in those 
coses aiich achikng« could be maiie in the curriculum ot all thefcrocles that the 
teaching should be more ol an industrial chan>ct«r, and afford the itifomwtion 
and training that will enable them to pursue their occupations more intellif^ntly* 
That. I think, is a thin^ that the worlcpoople have a right to claim here— a 
revision of the course of iniitriictioD in the public schools. 

Olio thing I have heard remarked by many Americans, and obserred myself 
as 1 have j^ne through the country — that boys and girls just arriving at the age 
for <>nlenns into occnpntions involving mnnuiil lalx>r rather seek what we coll 
ia England polite employments — to te clerks, or lo be in stores, or some work 
that does nc)t involve manual labor. Freijuenlly there is considerable difficulty 
in some of the mills and manufactories in keeping there those wlin may have 
CQmraenced to learn a trade or occupation, because they llnd manual labor un- 
interesting, lis they are sure to Hod it when they hitve no knowledge whatever 
of the meaning of all this latior, or of the scientific truths underlying it all. 
Their respective powers are not interested ; hence manual labor becoroes a 
dnid^ry. and they soon leave those industries if they have opportunity. Most 
of your employers say they cannot keep American youths at this work. Th^ 
do Tiot like manurtl labor. 

Wa want to elevate and exalt the idea ot manuni labor in England. We do 
not want our public-school system to give the children of the working-people 
the idea that labor is low, uninteresting and vulgar. We want to avoiil that hf 
giving them oppurtuoity to take interest in the sciences that underlie alt oar 
industries, and so imbue them, through that instniation, with an intelligence 
that will give Iham an enjoyracnC of lite unknown lo their fathers. That char- 
aeter ot instruction it is nut possible to get at such schools as I have described. 

At a joint meeting of the National Teachers' Assooia^ 
tion and the American Institute of Instruction, held at 
■ Saratoga in 1882, there was a report on Industrial Educa- 
tion by a committee previously appointed, consisting of 
General Francis A. Walker, President of the Massachusetts 
Institute of Technology ; President M. C.Fernald.of Mainn 
College of Agriculture and Mechanic Arts ; President M. 
H. Buckhara, of the University of Vermont ; Prof, William 
H, Brewer, of the Sheffield Scientific School, Yale College ; 
William B. Weeden. of Providence, R. I., and John S. 
Clark, of Boston. 'J'his committee reported as follows : 

Tour coinuiitl«e chosen to investigate the subject of Industrial Education, and 
to report thereon to your ossocjntiim, beg to submit the following us their coii- 
cinsjonii and their recommendations : 

Your committee are of tlie opinion that there siiould be incorporated in the 
present scheme of public education broailer provisions than now exist for impart- 
ing to our youth the elements of knowledge and skill required in the industrial 
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arts; not tklone for the deyelopineat of those arts, but also as a part of tlie 
genera] i!3'steni ot public education, faaviDg for ita object training for citlzenshiii 
throufrh the normal development of individual power. 

To this end they would recommend : 

Finl. The introiiuction into public achoola of proper appliances for the devcl- 
OpiDpnt of the Eunse-perception of pupils, in regard to color, form, proportion, etc., 
l^ contact nitli models and with natural ohiects. 

Seeoiui. The introduction into ^T^mmar sonools of simple pliysical and chemical 
eiparimenls tor the purpose of aoquaititing pupils, through original observation, 
with the elements of chemical and physical science and their common applica- 
tions in the arts 

Thint. The teachinj; of drawing, not as an Rceoniplishment, but as a lanpoago 
for the graphic prexentatioo o( the facta of form and of matter ; for the repre- 
sentation of the appearance of objects ; and also as a means of deraloping taste 
in industrial design. 

Fourth,. The introduction into grammar and high schools of instruction in the 
use of tools ; not [or their applioation in any particular trade or trades, but for 
developing skill of hand in the lundaniental mauipulatious connected with the 
industrial arts, and also as a means of mental development. 

In view ot the fact that much miscoiiceptioo exists in regard to giving instnio- 
tion in the several features recommended, and of the desirability of more informa- 
tion in regard to their practical introduction into schools, your committee 
Bnggest a further elimination into the general subject of industrial cdiicution 
and its relation to public education. 

This testimony, oflficially published by so representntive 
a body of practical educators as the National Teachers' 
Association and the American Institute of Instruction, 
hardly needs supplementing, though much more testimony 
to tlie same effect can be furnished, if needed, to serve the 
purpose in view. In lieu of more extended comment, I 
herein make a simple reference to Judge MacArthur's late 
book on "Education in its Relation to Industry,'' Charles 
Ham's new book on ''Manual Training," and C. B. Stetson's 
work oh ■' Technical Education, ' remarking that all of their 
testimony ia in perfect harmony with the strictures con- 
tained in the quotations from Mr. Mather's report [Ex- 
hibit M] and thoae made by Dr. Philbrick [Exhibit N] in 
the report on the City School Systems of the United 
States, which is in itself a compendium of the subject. 

In concluding the discussion of our public-echool system 
I may remark that, broadly speaking, our lower and middle 
classes get no educational training beyond what is afforded in 
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the public schools, and the direction given their studies 
greally influences, if it does not entirely shape, their future 
career and, consequently, in the aggregate, our social, indua' 
e trial and national life. This statement is simply a reitertt- 
tion of the fact that if our school instruction, broadly con-' 
sidered, is to fit young people only for literary pursuitB 
and the learned professions, our industries must languish 
for want ofqualified persons to direct thera, and lack of skill 
and intelligence in the performance of the labor necessary to 
their successful development. On the other liand, if our 
schools are such as to fit young people for industrial 
pursuits, aa well as for professions and clerkships, thus 
placing the professions and occupations requiring manual 
labor on an equal footing in point of dignity and qualified 
operativesj we may espect a systematic development of 
our national welfare. By giving more attention to scien-- 
tific instruction, and to the training of the hand and eye^ 
our public schools would not only do much towards, 
meeting the present requirements of industry, but the' 
reaction upon the schools themselves would be highly 
beneficial, and intellectual training would assume a high 
value in all grades of society. Teach the boys in our 
public schools that to be a carpenter, a machinist, or a 
moulder, is just as honorable, requires no less skill, and 
may be more profitable, than to be a clerk, or a doctor, or a 
lawyer, and there will be hundreds ofqualified npplicanta 
for apprenticeship in our best shops, and soon educated, 
labor will take the place of uneducated labor, and intelligent 
mechanics will displace those who refuse to learn more 
than they already know. But as matters now stand, 
with scarcely any facilities in our school system for 
even the most elementary technical training, few boya- 
who leave the higher grades of our schools have any 
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disposition to enter a workshop as apprentices ; not he- 
cause they have no mechanical genius or capacity for 
artisanship (for oftentimes their bent of miod is more 
in the direr.tion of such pursuits than otherwise), but 
because their eflucation has been such as to prejudice them 
against pursuits requiring maaual labor, and to predispose 
them towards some other sphere of activity which they 
look upon as more dignified, and as giving them a higher 
Bocial standing. 

It may not be gainsaid that Baltimore is sadly in need see.i or tH.iiii 
of additional facilities for those of her youth who are to*^*'"''''"'"*' 
become active managers of shops and factories or special- 
ists in industrial occupations. While there are many con- 
siderations which should ioduce the State or our munici- 
pality to take immediate action in the direction of provid- 
ing for the great educational want that has been shown to 
exist in our midst, one also not unnaturally looks for efficient 
help in the direction of the great University which has 
Halready become so conspicuous a part of our educational 
* eystem. There certainly are cogent reasons why the Heiw.>Q!> "Uj 
Johns Hopkins University should co-operate to this end ; "ntvovsity aiio 
prominent among which is the undeniable fact that its b^",',^,'!",';"'"' 
trustees are charged with the administration of a bequest 
that was pi-imarily intended by the testator for the practical 
education of the youth of Maryland and the South. Upon 
casual reflection only, an extended reference to the character 
of instruction in that institution might not be considered 
especially pertinent to such a report as this, but aa one of 
[iita principal objects is to secure for our service a sufficient 
Lnumber of young men possessed of such general and varied 
^knowledge and technical training as will fit them for the 
many positions of responsibility in this service, in which 
icancies are constantly occurring, and as many of these posi- 



tiona call for greater skill and a higher gr&de of educatioii 
than are at present contemplated in connection with our Mt.1 
Clare school, the curriculum and methods of the Johns 
Hopkins University become, as a matter of fact, of great 
moment in this connection. Such reference is further 

't justified by the close financial and executive relationsJ 
which the founder of that University sustained to thefl 
Baltimore and Ohio Railroad Company, and by the factj 
that the greater part of Its endowment is vested in the! 
securities of that Company, whose successful and economi-1 
cal administration is vital to its own prosperity and exist- ] 
ence. If, therefore, some part of the large annual inconae f 
which the University enjoys through this Company's opera- J 
tions ($136,236), and some portion of the services of i 
organized corps of experienced teachers and of its extensivel 
equipment can be secured in aid of the higher training in 
mechanical and industrial pursuits of those to whom we 
must look for skilled and intelligent operatives, and of 
the children of our workpeople generally, than our limited j 
facilities can afford, the interests of the Baltimore and * 
Ohio Railroad Company, as well as of all other manu- 
facturing corporations, and of the city generally, will 
be materially promoted ; while the University itself would 
achieve great renown as the champion of high industrial J 
education for the masses, and its trustees would, at the I 
same time, relieve themselves of the blame which now ] 
attaches, in the minds of many of our respecti).ble citizens, to * 
their method of administering the Johns Hopkins bequest. 
The citizens of Baltimore are not alone in thinking that the . 
managers of the Johns Hopkins University Trust have mis- I 
judged, not only the intention of its founder, but also the J 
spirit and the want of the nation and of the present age. | 

Johns In this connection, I again call attention to thatexhibitin the i 
appendix of this report (Exhibit M) in which Mr. Mather 
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regretfully refers to the devotion of this Univeraity to the 
highest mathematical, physical and medical sciences, and 
to its decided and especial bias towards original research 
and scientific discoveries in pure science and other theo- 
retical rather than practical branches, and also to his 
further remark that " One might expect from so richly 
endowed an institution a more direct relation to scientitic 
industry than now appears to be the case. With an income 
of ¥225,000 a year, it would apj^ear possible for a larger 
amount of work to be done among the people of the city 
without in any degree dirainiahing the high class of in- 
struction in the advanced stages of literary and scientific 
fitudy." It is unquestionable that its splendid endowment 
has stimulated literary and scientific education ; but, in view 
of Mr. Hopkins's well-known practical turn of mind and of tuel* 
those terms of his will which are susceptible of different con-J^™^^^; 
stnictions, it is important to consider the character of"""""^' 
work to which the University is now devoted, in order to 
ngauge its powers and influence in affording educational 
bcilities to the youth of .the States of Maryland, Virginia, 
iiid North Carolina, whose preparation for tlie practical 
nourauits of life and instruction in branches not taught 
tnnder our common-school system, for which, in specific 
%rms, it was incorporated and vrhich it is also tlie testi- 
mony of his intimate associates the institution waa founded. 

The present income of the Jolms Hopkins University is Am. 
fblosely approsimated)$225,000 per annum, derived fmm an J°^°| 
teidowment of about |3,500,000 ; of which $2,207,900 ia in ■""" 
Baltimore and Ohio securities. Making Uberal allowance for 
he cost of buildings, apparatua, etc., it is ascertained that an 
hsverage of considerably more than 8100,000 has, yearly, 
f^nce 1876, been expended for inatructing an average each 
T of only 188 students ; that the annual cost of instruction 



per student has been at least $700. and that emth of the several 
teachers has had an average oTnot more than sis students to' 
instruct, for which services the^ have been paid salaries 
varying from $2000 to $0000 ]}er annum. While these 
figures are approximate, it is certain that since the insti- 
tutiou was opened for students more than 81.000,000 have 
been expended for the instniction of less than one thousand 
individuals, for an average of less than two ^"ears each. 
Considering the magnitude of this fund and the alniost ; 
unparalleled expenditure per individual student, one might 
certainly look for encouraging results in those lines for 
which the trust was primarily founded ; but, as a matter of 
fact, out of the 923 students who have matriculated during 
the ten years of its existence, /eicec than fifty have fol- 
lowed the occupcUioji of merchants, engineers, electrwians, 
manufacturers, or engaged in other industrial pursuUs; 
while all the rest were educated for professions not directly 
related to our industries. Even the few who have gone 
from the University to engage in practical industry have 
done so by chance or from previous inclination, as the 
training received there did not particularly tit them for an 
industrial calling. Certainly those in whose behalf Mr. Ho|)- 
kins's magnificent bequest was made have a right to expect 
greater results than these from the proper management of 
that fund. If the President and Trustees are asked what the 
- University has done for the public, they will doubtless say 
; that it has provided a large staff of able teachers, well 
equipped laboratories, and carefully selected libraries; that 
it affords broad and liberal courses of study ; that it encour- 
ages original research and investigation, and that important 
discoveries have been made in science; that several serial 
publications are sent out for general and special informa- 
tion; that gratuitous courses of lectures liave been afforded 
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the public; that the University offers a number of free 
scholarships and fellowships to the meritorious ; and, 
finally, that an average of nearly two hundred students 
anoually receive instruction in its various departments. 

The public certainly have a right to ask what some of these qqmuc 

important discoveries have been, and to know what P^^o''^-^^^'^^^^^^ 
tical bearing they have had upon the welfare of the com- ""^ '""*'*'* "* 
munity at large. The beneficial results of these discoveries 
have not yet been seen or felt in Baltimore. Most of the 
University's serial publications do not profit the general 

■ public of this city, because the matter contained in them con* 
'sists largely of glittering generaUtiee in science, mathematics 

ffld literature, that are of no interest or value to most people, 
I while its public lectures are said to be of such a character 
I as to be understood and appreciated only by those who are 
L-theraselves specialists, and who might easily go to original 
I sources for the information thus afforded. Likewise it 

■ may not be out of place to ask who are the students upon 
i-^hom the resources of this institution have been expended 
Eso lavishly. Are they from Maryland and the Southern 
tBtatea? Are they the sons of poor parents? Are they 
lyoung men who have to work their way up in the world ? 
i-S^ery few of them indeed have been drawn from the labor- 

aig classes or from those who are likely to take any part 
1 industrial pursuits. As far as I can ascertain, they are 
fee sons of the wealthy ; they are young men who have 
tfready received a liberal education in preparatory schools 
ud in colleges, and most of whose parents are amply able 
) send their sons to any of the already numerous high- 
literary universities, such as Yale, Harvard, or 
igan. At any rate it is from this latter class that 
■tbose who fill the Hopkins scholarships and fellowships 
i mostly drawn. 



dc^u?°rae""lK. "^^^ present tendency of the Johns Hopkins Universit; 
mala^'neaaeSi management savors too much of the classic and met»- 
ibep^BM^V physical scholaBticism of the Middle Ages. In their efforts 
to imitate or surpass the great European universities, 
its President and Trustees seem not only to have ignored 
the educational needs of Maryland and the South, but of 
the entire nation. Our country is comparatively new. Very 
few of our citizens have leisure for the higher study of 
the classics, for speculative philosophy, or for the study 
of pure science for its own sake. The time has come 
when education ought to mean more than it once did. 
Proficiency in speaking Greek, in composing Latin verse, 
or in displaying dialectical skill, ought no longer to be the 
sole or leading purpose of a university training. As edu- 
cation ceases merely to lead a favored few into the realms 
of classic and philosophical thought, and begins to elevate 
whole classes of society by increasing general intelligence, 
and to dignify their labor by uniting the power of the 
mind with the skill of the hand, it will become a blessing 
as well as an ornameut to society. The continuation of 
vigorous and healthful national life and development 
depends largely upon the aid which such education as 
this alone can afford. A hundred years later we 
may need to afford more extensive facilities than can 
now be had in our universities for the highest classical 
and philosophical culture of men and women, who 
may then be in a position to devote their whole lives 
to study and metaphysical discussions : but now we need 
educational facilities of a different character. Most 
of our citizens have to labor in some way in order to 
gain a livelihood. We have vast resources of wealth that 
are awaiting development. Specialists highly trained in 
industrial science are needed to direct our manufacturing 
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and engineering enterprises. Aa a people we have a bias 
for the practical. Our citizens have a genius for invention. 
So great is their abiUty in this direction that, with 
scarcely any scientific or mechanical training, they have 
wellnigh led the world in the number and usefulness of 
their inventions. If now to this native bias we were to 
add the power that would result from intelligent training 
in applied science, and if we could give our artisans a 
chance to attain the highest skill and intelligence in the 
execution of their work, for what might we not reason- 
ably hope in the way of national development? 

Why should not the Johns Hopkins University sustain Ad»«nwgB« ot 
a department for higher technical training in industrial "nivlreio'""' 
pursuits ? There are many reasons why such training can 
be better afforded in a great university than in a special 
technical school. The same library, apparatus, laborato- 
ries and class instruction would answer for both, in many 
departments of study. The association of the students in 
the regular University classes with those pursuing techni- 
cal studies would be mutually beneficial to the students 
themselves and the country at large. This is shown to be 
true in the experience of such leading universities as Cor- 
nell and Columbia, where classical and technical students 
are daily brought together. Whatever serves to do away 
with antagonism, whether between labor and capital, or 
between industry and culture, ought to be availed of as a 
social and national blessing. In certain branches, as chem- 
istry, physics and biology, there are no more capable 
instructors anywhere than in the Johns Hopkins Univer-j 
sity, and I have no doubt that they would cheerfully 'oonwooi 
render to the city and to this Company the assistance they 
are so capable of affording, in any commendable effort for 
promoting industrial education. It is gratifying to be able 
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to note, in this connection, that President Oilman and hii 
Faculty seem to be in accord with the general idea here^ 
advanced. Professors on his staff have espresaed and 
taken great interest in the question of technical train- 
ing in Baltimore; some have delivered lectures to the. 
working classes ; papers on economics and kindred Buh-'i 
jects, calculated to bring the University into intimate* 
relations with the people of Baltimore, have been pub- 
lished, while its President has directly expressed his 
willingness to use the institution as a source of technical 
training as soon as a practical scheme to that end could' 
be devised. [Exhibit M.] Is it, therefore, too much ta, 

^* hope that, all things considered, the governing body 
this institution, recognizing that there is not now an ex-J 
tensive demand, in our locality, for such liigh-grade litep- 
ary and philosophical study as is afforded in the Johns* 
Hopkins University, will change their present policy (which^ 
appears to look to founding a university that sliall favor-* 
ably compare with the great literary universities 
Europe), and will, aided by the city or through their own^ 
corporate individuality, Ibrge the missing link in Balti- 
more's educational system, by estabhshing, in connection 
with the present course of instruction, a department of 
higher technical training, and thus more directly benefit 
the himdreds of thousands of our citizens, who can never 
hope to derive any practical benefit from the University as 
at present conducted ? 

J Besides the great demand in Baltimore for facilities for 
higher technical training, there are many circumstancesi 
that combine to make it a desirable location for a high- 
grade technical university. It is situated nearer than 
any other city to Washington, and the teachers and 
advanced students of such a school could have ready and 
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comparatively easy access to the Smithsonian Institution 
and the Patent Office. These places would contribute much, 
towards the sueceBa of an industrial course in the Univer- 
sity, or of a separate polytechnic school. Washington is 
not sufficiently of a manufacturing city to sustain such 
a school. Baltimore is the only city that is close enough 
to the Capital to profit, educationally, to any great extent 
by the collection of models, scientific apparatus, and 
specimens that abound therein. In point of healthfulneaSj 
and moral and social influence, Baltimore is probably 
not surpassed by any other city of its size in the country. 

Situated here, midway the Atlantic seaboard, a high- AdTaauges 
grade technical school would attract students from the •<>'""'' '''™"i' 
North and the South, thus bringing about a better sec- 
tional feeling and widely disseminating knowledge of 
the resources of both the Northern and Southern States. 
The effect upon our own city would be beneficial in many 
directions. We would have finer architecture (in which 
we are sadly deficient at the moment), better sanitary 
measures, and a greater manifestation of public spirit in 
all deserving enterprises on the part of our citizens. A 
polytechnic school, or technical department in the Univer- 
sity, would supply a gap in our educational facilities 
between the education afforded by the common schools 
and the high scientific and literary education offered by 
the Johns Hopkins University. It would exert a very 
healthful influence upon the public schools of the city, 
by modifying their course of study, by furnishing trained 
lecialists to teach technical subjects, by stimulating 
young people to avail of their advantages so as to pass 
' into the technical school, and by demonstrating that edu- 
cation is an important factor in fitting young people for 
skilled labor and industrial pursuits generally,' as well as 



in fitting them for clerkships or soft^handed profesaions; 
and thus those callings involving industrial dexterity and 
knowledge would, in point of dignity and of qualified and 
intelligent operatives, soon secure an equal footing with 
what are popularly known as the " learned professions." 
A good high-grade technical school in our midst would 
do much towards supplying competent teachers and sug- 
gesting a practical course of study for our evening schools, 
and for secondary technical schools that would spring up, 
and the more ambitious of the pupils from such schools 
would have something to stimulate them to greater exer- 
tion; for, besides competent teachers and suitable instruction, 
there would be the additional incentive of making sufficient 
advancement to secure admission to the higher technical 
school. It is well known that many young people in Europe 
fit themselves for the higher technical institutions by attend- 
ing evening schools. Finally, with facilities for both higher 
and secondary technical training to supplement the general 
education now afforded in our public schools, we might 
reasonably hope that the frequent labor troubles resulting 
from the apparent antagonism between capital and labor, 
or rather the real antagonism between capital and unedu- 
cated labor, would cease; for educated labor would soon 
supplant uneducated labor in all our leading industries. 
Intelligent mechanics will do more for themselves and 
their brethren than any number of " labor agitators." 
ji I cannot better close this section of my report than by 
quoting the following from the address of Hon. S. Teackle 
Wallis, before the Maryland Institute, June, 18S2, to 
which Mr. Cowen called your special attention : 

" Can we let our people go untaught of the arts of couBtruction and doaign, 
when all the siBter commanities wilh which we rank ourselves are straining every 
nerve to teach them ! Are the mecbanio arts so small an element in our pros- 
perity that we can safely let them run or rust in the worn-oat grooves of tbirt 
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jean ago ? When tbe demand all around us ia lor Bkilled workmsn, are we to 
Kettle down without skill? Are the people who are born to the necessity of 
labor to beliirnished with no meana ot lignteniog and refining itt Do the best 
we may, we can nerer dispeniie with the proletary and the drudge; but in 
heaven's name let us help hini, if we can, to something better— let ua make the 
hewers of wood and drawers of wat«r as tew as may be. This is not only the 
dntyof arepublio and Christian community, but its best interest as well. Thinlc 
of the weariness that will be lightened by art labor of those who are weak and 
yet must toil. Thick of the pennileas &nd helpless women who will have 
pleasant and congenial work away from rude contact with piteous temptation. 
Think of the young men of poor estate whose tastes will be developed, whoso 
natures will be refined, and to whom avenues of independence and perhaps 
distioction will be opened. Can any man look another in the face and say that 
these things are not to be coveted ? And yet how sh^l we attain them ? The 
children of toil oannot educate themselTes. Of the many even to whom work 
brings comfort it hriuga but little more. As maturity comes on the son takes 
np the father's tools, and hia education for the most part ends. What the 
workshop teaches him, more or less mdely, he learns, and little else. Unless 
some one helps bim to improvement and development, it is only exceptional that 
he ever reaches them. Individual help may serve in individual oases, it is true, 
bnt a large and public need can only be supplied by public effort and tbe public 
hand. • • • In this city of ours, and this year of grace, there ia not one 
single publio academy of art of any sort eisept that within whose almost naked 
wa& we are. The elementary instruction in drawing whiah is given in our pub- 
lic schools is necessarily limited, and a large nirtion of the pupils are compelled 
to leave at an early age, as the report ot the Commissioners explains, in order to 
learn trades for their future support. • ■ • 

"It has long been my own conviction that one of the most direful needs of 
education in this State is the establishment of a technical school for scientiQo 
mechanical instruction. There is absolutely nothing of the sort upon the soil 
of Maryland — a blot indeed upon the intellectual and the business record of a 
community whose productive and mechanical capacity is so large and varied as 
our own. The class tor whom auoh lostrootion is needed are the very ones who 
cannot afford to seek it at a distance ; and except out of Maryland, no Maryland 
man can Bud it. Every one who is at all farnihar with the subiect knows thnt 
in the targe enterprises where mechanical agencies are needed, the demand is 
now for mechanics, not only skilled, but thoroughly and sciantiticaUy educated. 
The so-called ' practical man,' whose knowledge is simoly empirical, and whose 
tacts lie isolated in a vacuum, is fast being pushed to tne wall. He is a victim 
of tbe survival of the fittest. Our mechanics are at a sad disadvantage, from 
the absenoe of opportunity to qualify themselves for this new order of things. 



ADVASTAGE8 TO RAILWAY IHTBEEST8 OF SCIENTIFIC 
TRAINING OF WORKMEN. 



All that has been set forth in the precedinc sections of affBOMo(t«jhiu- 

_ '^ '-' M] training upOD 

|:thiB report may be considered as paving the way for an "'""^ """'"'* 
F intelligent consideration of the bearing of scientific and 
Jitechnical training upon railway interests per se. The 
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wide scope and the importance of the subject bewilder ' 
the investigator who seeks to know why technical instruc- 
tion has not more rapidly advanced and prospered in thia 
country, where the field of industrial enterprise is so wide, 
and what its effects are upon interests with which rail- 
roads are directly identified. An early recognition of the 
difficulty of securing a proper appreciation of the necessity 
for more thorough and widespread scientific knowledge 
among railroad people, led me to afford you a comparison 
of how it has affected manufacturing and kindred interests 
in those localities where it has been sufficiently and syste- 
matically cultivated, with other places approximately 
similarly situated with respect to trade facilities and com- 
petition, but which have despised or disregarded its aid. 
This preliminary presentation materially narrows the dis- 
cussion of technical education from our particular stand- 
point, and yet I approach this division of the subject with 
great diffidence, and with full recognition of the pitfalls sur- 
rounding one who, lacking experience in many practical 
details of railway operation and of those industries that have 
to do with the production of railway plant and appliances, 
attempts or suggests reformations or modifications of time- 
honored methods and practices. 

Considering its importance and magnitude, there has 
been a singular dearth of discussion and testimony upon 
the subject of technical training for railway officers and 
employes. While there seems to be a general agreement 
that, because of the enormous capital and allied interests 
involved, and of the technical knowledge and skill neces- 
sary to successfully conduct its varied and far-reaching 
operations, railroading has acquired the dignity of a pro- 
" fession, fully as exacting and requiring equal professional 
skill and intellectual attainments as the liberal professions. 



I fail to find that any of our railway managers have a "sen^o""*"- 
proper appreciation of the aituation, or that there has been^'kVS'of^wi'wsr 
any well-digested effort in the direction of educating pioros.' "" 
railway officials or employes upon systematic lines, such 
as, for example, produce at Weat Point and Annapolis 
corps of young men whose basic education and training, 
with a little experience, fit them for any position of 
responsibility and trust in our military and naval service, i 
Unquestionably there must be in many of our large railway I 
organizations those who have long recognized the need of, 
and would warmly welcome, this educational factor in rail- I 
way management, and doubtless many of them are, from 
previous education and long experience, peculiarly qualified ' 
for making a forcible presentation of the advantages of — 
and in view of the great changes that scientific discoveries 
are making in methods of production and transportation, 
and the new industries that are continually springing up, 
I may say the absolute necessity for — a combination of 
scientific and technical education for the operatives of the 
transportation service of the country. But, unfortunately, 
men of this type are, as a rule with few exceptions, over- 
tasked with responsibiUties and harassed with anxieties 
that leave few opportunities and little inclination for ex- 
pressing their views on any subject foreign to their specific 
duties. 

Having accepted the task of investigating this subject, I 
shall endeavor to crystallize for you the testimony of such 
well-known authorities as, though not actually railroad men, mM^M w'eB 
have themselves been connected with the details of indue- atriiou?n°2po' 
tries more or less related to railway interests, and who are, 
therefore, competent witnesses; and I shall further endeavor 
to set forth as clearly and succinctly as possible, suchconclu- 
eions and considerations as have been evolved from a careful 
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and somewhat prolonged inquiry and etudy of this subject 
from various standpoints. I do this in the hope that my 
labors will be fruitful of results in the direction of at 
least stimulating those in our service who have its welfare 
at heart {and especially those officers who are charged 
with making net results) to inaugurate a new policy, J 
which shall require of all candidates for all positions, J 
however insignificant, that are in the line of promo- ^ 

SJ^J^fiL^™ tion, a reasonably high standard of qualifications, and 
shall then look to fostering and developing the youth of 
'" the service into a corps of educated operatives, mentally and 
mechanically skilled in their various handicrafts, with at 
least sufficient breadth of knowledge and capacity to ren- 
der unnecessary and unjustifiable the selection of men 
outside the service to fill the highest positions of responsi- 
bility and trust, even in the administrative and execu- 
tive staffs of the company. Such a policy would not be 
chimerical, but one easy of accomplishment with (consid- 
ering the interests involved) an insignificant expenditure, 
if accorded the hearty good-will and co-operation of those 
upon whom devolves the duty of developing our resources 
and increasing the net earning capacity of our system. 

If the testimony previously set forth affirmatively shows 
that scientific and technical education stimulates, devel- 
ops and secures economical processes in the manufactures 
and other industrial avocations, a much stronger case can 
be made out in favor of broad technical education in con- I 
nection with our railways ; which, collectively, employ in ' 
the production and repair of plant, more workmen than 
are engaged in any other class of commercial business. 
In the same ratio that our extensive railway system 
BeiBntioo know- surpasses all other branches of industry in the magnitude 

JJ2ad!?p^t^int«. *^^ i^ business, the number of its departments and the 
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interests affectedj is there greater need for economy of 
adminiBtration and greater necessity for the application 
of the highest obtainable scientific knowledge and manual 
skill to its various operations. It has become the almost 
universal practice of our great railway corporationB, and 
especially those whose lines are reaching out into unde- 
veloped and sparsely settled territory, to assume the 
entire repairs of their plant, even when they amount 
to practical reconstruction, and there is also a steady 
tendency on tlie part of such companies in the direction of "° 
manufacturing their own equipment from raw materials. 
This places them in the category of manufacturers, and 
makes them amenable to the laws and factors regulating 
production, and, further, makes applicable to them much 
of the testimony heretofore given as to the value of tech- 
nological instruction in mechanical pursuits. Because of 
the nature of their service, involving the transportation 
and care of many lives and valuable property, no leas than as 
a matter of economy, is it of prime importance to such cor- 
porations that, in the construction and in the repair of their 
rolling stock and appliances, they should employ work* 
men of exceptional competency. It is unnecessary, in 
this connection, to comment upon their great responsi- 
bilities as guardians of life and property, but from a 
merely sordid point of view a few illustrations will dem- 
onstrate that, in their extensive mechanical operations, 
economy and credit result from the employment of in- 
telligent laborers, who understand the theory and pur- 
ses of their work, and who have the scientific knowl- 
1 6dge that gives them, beforehand, a realization of the proper 
Iquality and quantity of material to be used, and enables 
I them to anticipate the results of the labor they must 
)end upon that material to produce given results; per 
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conira, that correepoadiiig danger and loss result from the 
employment of workmen who, lacking this knowledge, 
are compelled to experiment upon their material, and 
who require constant Bupervisionj instruction and re- ' 
instruction. 

The fact is that with the discoveries or, more properly 
speaking, inventions of Watt and the introduction of steam 
as a motive power, began a new and eventful era in the 
history of mechanical science. The wonderful development 
of land and water transportation that followed the inaugu- 
ration of steam locomotion created a demand for a class of 
operatives, artisans and mechanics before unknown. En- 
tering upon a new field of operations wholly unrelated to 
their previous experience, without preparation or present in- ' 
struction, save what they absorbed in the performance of 
exacting duties on the railway, in the workshop and in the 
engine and boiler-rooms, men who had been "picked up" 
from many walks of life, and who altogether lacked scien- 
tific training, would naturally be guided solely by " rule-of- 
thumb " practice, and their lives were sure to be narrowed, 
until they acquired a pride in being known aa '^ practical " 
men — a term nearly synonymous with the habitual but 
unreasoning work of many familiar species of the brute 
creation. The railroad workman of to-day is largely the 
outgrowth of this condition of affairs, and yet is not wholly 
responsible for his educational deficiencies. When learn- 
ing their trades railroad apprentices were generally placed 
under "railroad men" of the ''practical" type I have 
described; who despised or affected to despise scientific 
knowledge and scientificmethods of operation; generallynot 
because they understood or were able to weigh their bear- 
ings and value upon their pursuits, but because, knowing 
(ibsolutely nothing about them^ they thought thus to disguise 
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their ignorance. Under such circumstances apprentices 
received little if any special instruction, but were mostly- 
left to pick up their trades as best they could. Of coursej 
under such a system, instead of having their special apti- 
tudes developed they, in turn, became "practical" men; 
and of this type is the present rank and file of railroad 
operatives. It ia therefore not remarkable that blunders 
and accidents frequently occur : ttat the lives and property 
of the public should be entrusted to men whose limited 
knowledge frequently does not enable them to judge of or 
to reflect upon the responsibilities attached to their several 
duties, painfully illustrates the recklessness and indiffer- 
ence to public duty that characterize our age and country.* 
Perhajra no large class of men are more subjected to 
public observation and criticism than the employes of 
transportation companies, and there is certainly no other 

'That this is neither an nnjuataor groundless atatement can t>e aamly proven 
1 the ftbuiiiiftut eridence before roe, and also from personal experience. In 
o manj shops apprentices are looked upon as convenient lackeys, and altbongh 

Smay have sti-ong prod ileo lions for certain kinds of work they are raoro 
7 to receive rebnft than encouragement in attempting to utilize their 
* 'Abilities. It ia very probable that muob industrial usefulness both to eroployera 
and society baa been blighted in the bud from laok of recognitiou ond wise 
directiiHi. 

A very interealing article, opportunely appearing in the November number of 
the Century Magaeins (Vol. 33, No. 1) aa this report is passing through the 
press, very fully discusses "The Need of Tr-ade Scbools," and especially this 

Srticular point of apprentice education, and in that connection I commend it 
your notice. 

Mr. Robert Thomas Eadon, an English manufacturer, says : "I am fully 
impresBed with the importance of technical education. Some time ago 1 was in 
Bradford, andl aawtbaL preparations hud been made worthvof thetown. Thereis 
no trade, hoWBVer wanting it may lie iTi taste orform, that does not benefit in the 
hands of a tasty man. One great reason why techniea! scboola slmuld be 
encouraged is because of the very great division of labor that takea place in some 
of the largest engineering establishments. There ia a great tendency to put a 
boy at one maehine, and he understands but little beyond that machine. The 
reauU is, though be has been in an engineering shop, be has no idea of the work 
carried on as a whole, when he comes out. He is a helpless man if you take him 
away from that one machine. It may not be always to the interest of eioellent 
workmen to inculcate their skill in the minds of the boys uuder them ; in fact, 
they may not have time t^i do it ; but the advantages of a college or school of 
this kind will be that it a youth haa a dedre to improve himself, the iaoilities 
will be offered, and at such a rate aa would be attainable.'' 
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^ claa8 that can more materially promote their eraployera' 
interests by the exhibition of Buch courtesy, manly spirit 
of accommodation, and general information upon current 
topics as a fairly liberal education manifests, and yet 
you cannot have failed to notice — and as a railroad 
manager to regret — what is so commonly commented upon 
by the observing : the intellectual deficiencies and narrow- 
mindedness of this very class. That our railway opera- 
tives are one-ideaed is small matter for wonder ; it would 
be more remarkable if, as a class, they were otherwise. 
I have already pointed out that the operating depart- 
ments of a railroad which most expose their employes to 
public observation are those which require the longest 
and most exacting apprenticeship for the acquisition of 
that degree of knowledge and expertness which secures 
the performance of their functions as public carriers with 
safety and dispatch ; that the heads of administrative and 
operative railway departments, who must of necessity be 
men of technical knowledge and familiarity with all the 
intricate workings of their respective branches, which can 
only be acquired by progressive service, generally com- 
mence their careers in the lowest grades, with little or no 
preparatory education; and yet their duties throw them 
into constant contact with a public which is indifferent to 
the measure of their experience, but which judges them 
by the standard of business men, and demands of them 
gentlemanly courtesy and general and varied knowledge, 
and which, I may add, favors or obstructs the operations of 
a railway company according as its officials are judged 
worthy of commendation or condemnation. The managers 
and owners of railway property are the ultimate sufferers 
from the deficiencies and derelictions of subordinates in 
this regard, and yet fAey are mainly responsible ; for if, 
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instead of exacting a high standard of qualifications on the 
part of applicants, they open their service to uneducated 
boors and then fail to provide them with facilities for 
acquiring, with manipulative and technical skill, at least 
the rudimentB of those branches of knowledge and the 
opportunity for extended observation without which no 
man can be intelligent, liberal, progressive, how can it be 
expected that those employes, when taxed with the cares 
and anxieties of an active business, shall display such 
enlightenment and refinement as will reflect credit upon 
themselves and service ? 

Many of our railroads employ cwmies of people, all of 
whom are supposed to be technically expert in their various 3„^^*^\^'„ 
avocations ; — and they need to be. Even a good track laborer rauwi^A*! 
is not found ready made. It isawell-known fact that in many 
.railroads only one or two men in a road gang know how to 
r properly tamp a tie so that it will not require resetting the 
seasorf ; and I know of extensive lines that do not 
possess a foreman — perhaps not a supervisor — who can 
adjust a curve with instruments. Does it not behoove 
executive and administrative officers who are entrusted 
with such vast interests as those of railroads to look well 
to the qualifications of their operatives? A recent and 
generally accurate writer has fixed the value of railroad 
property in this country at one thousand millions of 
dollars. Another writer says that the number of skilled 
laborers required in the operation of railroads is much 
greater than is commonly supposed, embracing large num- 
bers of men not usually classed as railroad operatives. 
In such extended enterprises the efficiency of the unit — 
the individual workman — becomes an item of grave econo- 
mic consideration ; for if it be true that the value of the 
individual's work (whatever it be) is increased through 



greater intelligence and special training, though it be only 
by a few cents per day, the total is of no inconaiderable 
moment, when his services continue through a series of 
years and when, instead of otie workman, tliousands are 
employed. If even a slight deficiency in the skill and 
intelligence of one workman makes a few cents' or a few 
dollars' difference in the coat of the products of each week's 
labor ; if the incompetency of one foreman or one manager 
lacking scientific training does usually — as so positively 
stated by competent authorities — net an appreciable loss ; 
multiply the result to corporations like, for instance, our 
Eastern trunk lines (one of which employs at least 50,000 
people on that part of its system east of the Ohio River, 
and more than half as many more west of it : others may 
exceed or nearly equal this enormous force) ; realize that 
in such extensive organizations few if any of the practical 
details of the operating departments can be accurately 
gauged by those whose interests are most vitally concerned ; 
comprehend how many important matters, involving grave 
consequences in their execution, must be entrusted to sup- 
erintendents, master mechanics and foremen ; then obtain 
a correct measure of their education and general knowl- 
edge (to say nothing of their scientific attainments), and 
you will begin to appreciate the importance and bearing 
of this question of technological education, and the enor- 
mous losses the lack of it yearly entails upon investors in 
railway securities. * 

• It is ft great misfortune to our railroad properties that their ownare are not 
brought into oontact with the st&fF and rauk and file of their operative depart- 
mants, so as to appreciate their value and deficiencies or their ne«ds and aspirations. 
Saf s Mr. Kirkbam, in hia work on. the Maintenance of Railways, p. 35 : 

" No one who is dependent upon the goodwill and ttdelit; of others for the 
niaiDtenance of his interests can afCord to shun their acquaintance or permit 
them to remain in ignorance of his good intentions towards them. On the 
contrary, his duty and interest alike deniand that he should cultivate such 
relattons with them as may be necessary to assure them of his oonstant and 
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That most of those who have risen to positions of re- 
sponsibility and trust in railway service in this country " 
areionest and faithrul, goes without saying; but integrity" 
and industry are not sufficient : they should also, as aforesaid, 
be men of intelligence, and should possess not only a special 
knowledge of their own departments, but also an accurate 
understanding of related departments of the service. By 
intelligent direction of those under him a foreman may 
largely increase the efficiency of a score of workmen ; and, 
on the other hand, by failure to comprehend the scientific 
principles involved in the work he superintends, he may" 
cause constant loss or make destructive accidents possible, f, 
And what is true of a foreman applies with greater force 
to his superior officers. Where is the intelligent railroad 
ofRcial who has failed to realize the many problems yet 
to be solved in the matter of railway operations and appli- 
ances, and who is not also conscious that, for the most 

Iriendly regurd and the baneQceiiCB o[ hia purpose. When it is necessary that 
men BhouliI entrust the immediate and general luanBgement of their propett; to 
others tbey must do so unqualifledl/ and heartily, but such delegation ol imwet 
should never extend so tar as to relinuuiah the right and duty of enquiry into 
the Bt»tus of subordinate employes. The proprietor will over consult his wel- 
&n by such manifestation ot interest in his servants, nnd any general or pro- 
longed neglect on his part to fulfill this cardinal duty of otrnership will redound 
to his great and permanent injury. By many owners snch mmii testation of 
iabtrest is thought to be subversive of discipltne, and it is possible that they have 
been enoouriigea in this monstrous delusion. It is a sufflcient answer to say that 
where the owner ot a railroad cannot ootne in oontact with hia aniployea without 
' jeopardizing the discipline o[ the organization, it ought not to require an outbreak 
among his servants, or the destruction of his property, to convince him that there 
was a rsdioal defect somewhere in its method of administration. The discipline 
«[ an organization that is dependent upoa terrorism, upon ostracising or seques- 
tcftting the emplop'e, upon separating him from the acquaintance or sympathy of 
the owner, is manifestly a gross perversion of responsible methods of government, 
and whereverpractisedevinoesinismanageraent, andmaylje accepted as evidence 
of discontent and insubordination and outrageous disregard ot the rights of 
owners by those who encourage or practice it. If the tendency ot oorjiorate 
history in the United States teaches one tact more clearly than another it is that 
the owners ot such property will flod it to their advantage to manifest immediate 
and [lersonal concern in its affairs and in the aSiurs of thoie who operate it. lest 
their personality be lost and their property alienated or its value seriously im- 
paired. The possession ot property presupposes the duty oF guardianship, JQclud- 

. — _ „.» 1 i^,„^^t i„ il,„=n „ii„ operate it, and its preservation to the owner 

' ' ■ - rcise of thisdaty." 
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part, railroad officers and operatives are much more likely 
to fail in appreciation of, and even to oppose, improvementB 
and contrivances of merit in this field worked out by others, 
than to originate them ? 

The exigencies of railway service require men of specia,! 
training, of peculiar qualifications, of minute practical 
knowledge. There are no important exceptions to this 
rule in any of the departments or branches of the business. 
To perform their duties wisely and efficiently supervisory I 
officials must be relatively as well skilled as the general/ 
manager. They must possess a general knowledge of the I 
branches of the service to which they are assigned, as f 
well as a particular acquaintance with the peculiarities 
that are special to the immediate positions they bold. 
This general and particular knowledge involves an inti- ' 
mate acquaintance with the property, its defects, its l 
resources and its peculiarities, and presupposes prolonged [ 
association and years of observation and thought, without 
which such knowledge is not attainable. 

In a recent work on "Railway Expenditures; Their 

Extent, Object and Economy" [p. Ill], Mr. Marshall J. 

^_ Kirkham says : 

" Thoae not faiailiar with the practical opsrations of railroiufls can hAidljr esti- 
mate the inuumerftble mishapB and unreconled Iobbbb that occur to a property in 
consequence of the introdnction into its life of sew and ioeiperienced otHceni,' 
of ofilcers uuacquaiitted with the duties the; are to perform, uoaequointed with 
the manner in which these duties have been performed in the past, or the Bcope 
and circumstances that are expected to characterize them in the future. The 
result is always disHstrous, no matter how great the ability or how upright the 
Intention of the new official. Under the most favorable circumstances he is 
placed in the position of a man called upon to act without possessing the definite 
and trustworthy knowledge necessarj' to enable him to act intelligently. He 
has everything to learn, from the arrangement of his files and oflice furniture to 
the unrecorded policy that has governed his predecessor. Re has to learn the 
local and foreign geography of the line, its peculiarities, traditions and prospects; 
what it posseiises and what it does not possess ; its contracts, aereements afid 
leases ; the officers and employes who operate it, and the people who give it 

• And they never will be able to appreciate these mishaps and anrecotded 
losses, for the reason that it is the interest of the class who precipitate them to 
conceal the real facts from the owners of the property. 




support. All these things must be leorfied by roto before a new officer is either 
valuftble nr trustworthy. In the acquisition of bia knowledge lie is harassed by 
doubts, and his patli is gtherwiiSB beset by obstacles." 

I have already referred to the increasing tendency of 
railroad corporations to repair and even to manufacture their 
own plant. This seems to have been the traditional — as it is 
certainly the present — policy of the Baltimore & Ohio Com- policy oi 
pany . It is patent that if everything, or most of the important *"«» "■' 
things, needed in the operations of the service could be 
manufactured from the raw materials, in our own shops, 
by our own employes, of as good quality and character of 
construction as can be had elsewhere, and always with 
economy, the interests of our stoclcholders would dictate 
that policy. But, in order to produce in the shops of 
corporations of such extended and diversified interests as 
railroads, work of a high order, with economy, very neoa c, 
material progress must be made over the situation as I nowf^^^;^^, 
regard it. We have seen that no productive 6nterprise can 
in our day be made an economic and commercial success 
without intelligence and skill, and that, other things being 
equal, it will be profitable just in proportion to the degree- 
in which those elements are utilized. Surely, enough 
has already been said to establish these two elements as 
of the highest importance in the production and in the 
operation of railway plant and appliances. I presume no 
more difficulty is experienced in procuring for railway 
service men who have manual skill, and who are frequently 
superior artisans in their several occupations, than it is to 
obtain them for other pursuits ; and I know that many 
railway shops contain many such men, whose worth as 
mechanics cannot be denied, and who have doubtless made 
the best of their opportunities. But the great want in rail- The ae 
way service is men who combine technical skill with dis- J^J,\^„^™ 
ciplined minds and broad intelligence; men who, with*^^^' 
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professional experience and knowledge, possess minda 
disciplined to accurate observation" and logical thought — 
qualities that come from sustained mental application, 
and are not likely to exist without it; men whose qualifi 
cations make them wortliy of promotion, and guarant( 
efficient and economical management. I cannot too oft( 
emphasize the statement that, to the extent such qualitii 
are lacking in heads of departments, and intelligent service 
is lacking in the rank and file, railway operations will be 
conducted crudely, inefficiently and with high percentages 
of operating expenses to gross revenue. While this is bo 
patent as to be undeniable, it is certainly a fact that we 
- have not generally been successful in securing enough of 
educated skill and intelligence to even leaven the mass of 
"practical" men who constitute the operating forces— to say 
nothing of other departments — of our railways. Whether 
this be because the managers of railway interests are appre- 
hensive of the disapproval of their stockliolders if they 
pay more than the lowest market price for labor, or 
personally entertain too indiflerent notions respecting edu- 
cated talent to induce them to compete for it with private 
firms and local corporations that do value it at its com- 
mercial worth, is not for me to say; but I do assert that it 
is folly for such long-lived corporations as railroads to 
hazard their future prosperity for temporary profits, aa 
they do when allowing and encouraging their administra- 
tive officers to seek and to prefer uneducated — because 
nominally cheap — labor. If we expect to operate such 
properties on business principles, and not for mere specula- 
tive results, our railway managers must provide for the 
better education of the rank and file of their employes.^' 

*Tlio purchase of low-grade mntorialBbcpniiselhi'T are cheap ami can be made 
to serve iireaant pnrposea is even a losaer evil than depending on low-grade labor^ 
Parenlheticallj, a writer alrendj quoted snjs : 



Historically considered, the firat servant of a railroad in 
whom technical knowledge is an essential qualification is 
the locating, followed by the constructing, engineer. Our 
colleges and technological schools are yearly turning out, in 
increasing numbers, young mining, civil and mechanical 
engineers — the latter in less numbers than the wants of the 
country require. Electrical engineers and industrial chem- 
ists are also making their appearance, and as electricity, 
mechanically applied, is coming to the front as an important 
accessory of railway service, and will soon form an essential 
part of our transportation operations, this class of specialists 
ready made to our hands will, when competent, easily find 
lucrative employment, and it will be many years before they 
overstock the telegraph and railroad markets alone. The 
industrial chemist is also destined to play no insigniiicaat 
part in the railway management of the future. But none 
(or at least very few) of the members of any of these, or, in 
fact, of any other classes, enter upon professional life 
understanding, or qualified to meet, the necessities of rail- ^ 
way service. It might, indeed, with some reason be°^ 
assumed that a competent tivil engineer, at least, would m 
be qualified to undertake railway engineering, but a rail- aei 

"OdIj an experienced nnd tarseeing manager, 1 have remarked, otm with- 
stand tbe MduQlEve influence that envelops an article of prime necessity to tiis 
company when offered at a low I'aCe. The fact that its ultimate oust will be 
out of all proportion to the temporary saving is lost sight of or ignored by soma. 
The immediate and risible redoction in the cost <A operating, and the notoriety 
that will attach to bim tor eftooling such reduction, are too strong for a weak 
man to withstand. This would not be the case to the extent it is if so great a 
proportion of the loss which a nompany must ultimately sufler in eonaequence of 
the purchase of interior material was not unaroidably blotted out or covered up 
under foreign headings, and remained, in consequenL'e, unknown. ... In con- 
sidering tbe cost of car and locomotive wheels, anles, frames, springs, bolts, nuts, 
and kindred appliances, we Bnd the relative cost between the good aiid the bad 
article is not atone manifest in the pri<.'e paid for the article itself. It will be 
discovered that the use of the inferior article materially swells tbe diabursement 
aecounts for deaths and injuries from accidents, for losses and damages, and all 
the multitudinous expenditures enumerated above in connection with the use of 
inferior lubricants, including the cost ot repairing tnioks torn up by derailed 
trains, the interruption of business and its manifold losses, the swelling of tha 
aooount for wages, and flnnlly the cost of repaJring the injured equipment." 
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way engineer is not, to the present time, the creation 
any educational institution in this country. Upon th: 
single point, a paper just read before the Society of Arl 
of the Massachusetts Institute of Technology (one of that] 
best conducted in the country) ia exceedingly inte^esting,^ 
and I therefore append it hereto as Exhibit T; recom*] 
mending it to your careful perusal. Much of what 
therein said naay be taken to apply with equal force td^ 
other branches of railway service, and it will well repa; 
the reading. 

In railway service, especially, there is frequent necessity 

for sending to a distance, and beyond supervision, one or 

I more thoroughly competent men, who shall not be simply 

■ mechanics, in the ordinary acceptation of the term, but 

who shall be able to turn their attention to work coming 

under tbeir notice, whether they have before dona 

that thing or not, I think we are all j)repared to admit 

that at present such nnen are rarely found enrolled in the 

Tank and file of railway mechanical departments ; yet it it; 

testified by many manufacturers who have afforded their 

employes the advantages of technological instruction, that 

^ they have no difficulty in filling such positions with boys 

;. of 20 or 21 years of age, whom they send long distances 

and place in their hands work with which they have had 

little or no previous acquaintance, and by their intelligence 

they not only give the greatest satisfaction, but frequently 

develop into competent teachers of others. 

Quite enough has been said in this report to show the 
necessity of technical knowledge on the part of machinists 
and other artisans employed in constructing and repairing 
railway equipment. As a class, the men thus employed 
are doubtless of average skill in their several trades, but 
it is apparent that in such a hard service as railroading, 
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where machinery, rolling-stock and roadbed are, as a rule, 
taxed to their maximum strength and capacity, even a 
Blight lack of appreciation, on the part of mechanics and 
those supervising them, of the special and technical require- 
ments of their work will result in the failure of their 
productions at critical moments, always to the pecuniary 
loss of the owner and sometimes causing serious disasters. 
Mechanical trades are at present acquired in this country 
through very general instruction or in shops devoted to 
special construction. When work is stagnant in one it m 
branch ef a trade it is generally active in other directions, 
and the mechanic must, from necessity, often drift from 
that kind of work in which he is educated to others to 
which he can apply only manual skill, with a smattering 
of general knowledge, perhaps altogether inadequate to 
the proper performance of his new duty. Even our fore- 
men, master mechanics and supervisors, who are, almost 
without exception, men of practical knowledge and long 
experience in their particular lines of work, have very 
seldom received such general or technical instruction as 
would enable them to appreciate the effect, upon their own 
productions, of changes in methods of operation such as are 
constantly occurring in all transportation service and to 
meet them. 

Every one understands why locomotive engineers should Eduoauou of «i 
be well educated, and yet we know quite well that very ^"^ 
few have enough education to enable them to respond to 
emergencies requiring higher qualities than mere mechan- 
ical skill, courage and local knowledge.* In our road 

*Sa;s Mr. Wm. Fairbaim, oC Manchester, W. B. S., and an authority on the 
subject : 

" The looomotive-engine drivers and atnkers have only been known to ns for the 

last twenty years, but they oonstitato at Iha present moment an important brauoh 

ol the industrial oommuiiity, ODii ao far aa their acquisition ol knowledge and 

. ntpeotftbilitj of character an concenwd, we on all, indiTidnaU as well as the 
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departments very few foremen or supervisors understand — 
or if they understand can intelligently describe — the causes 
which deteriorate their track or bridge structares, or other- 
wise affect their every-day work.* 

I might in similar manner go over the whole list of 
railroad operatives, but it is unnecessary. The reason for 
all their educational deficiencies is apparent when we con- 
sider how few opportunities they have for acquiring theory 
and practice in the same place or at the same time during 

Eublic, deeply interested. Engine drivers and stokore, above all others, should 
ave a regular and rigid course oF training. Tbej should have a keen eya and a 
dear perception ; tbej should be tnugblcare and ntteution to signals, and every 
minutia connected with the rules and goveninieiit of the lines un whioh they are 
employed, and, above all, thev should be instructed in the manageinent of the 
engine, the value ot time, and the absolute necessity o( working the distance 
according to the time table and those established rules by which they and the 
public are to be governed in their departure Irotn and arrival at the different sta- 
tions. A driver should also be acquainted with the principles upon which the 
fteam in the boiler is generated, its claslie force, the security and free working 
of the safety valves, and, in tact, in order to prepare him tor public service, he 
should attain his degree and character in the Workingman's College before he 
is oonsidered eligible to mount the foot-plate or to handle an engine. Lastly, 
other classes, such as blacksmiths, carpenters, masons, bricklayers, tnmers, 
tilers, moulders, etc, exclusive of innumerable others, such osspinuers, weavers, 
dyers, printers, etc., employed in the manufacture, might each of them reason- 
ably demand to be included in a national system of industrial education." 

. * In this connection the following is suggestive : 

"The acquisition of knowledge, as every one basoccasion to remark, is not of so 
much value tor the specific thing that we learn as for its contingent revelations, 
the correlative ideas that it suggests ; and so It may be possible that even an 
'imperfect conception of the flxed expenses of a railroad may aiford suggestion 
to those who are not disposed to regard the information itself of especial value. 
Thus, while we may not care what relation the filed expenses be&r to contingent 
outlay OS a mkoU, it we knew accurately the effect ot wear and tear ot trafBe 
upon particular classes ot expenses, and the percentage ot deterioration from 
natural causes, there can be no doubt that the knowledge would prove of value 
to particular men, if not'to railway men as a whole. The truth of this bears apt 
illustration in the case ot track-rails. 

" Practical men with whom I have communicated as to the relative deterioration 
of rails from climate and traffic, have stated that a rail will remain St for use 
forever if trains do not run over it ; others put the deterioration from natural 
causes at two per cent. ; others at fire per cent., and m on. As a matter of tact, 
the deterioration ot rails due to climate, while not great, is marked and cumu- 
lative. The deterioration from climate in the case ot other materials is, as a rule, 
much greater. It is not necessiary, nor would it be proper, here to ent«r into 
a minute or soientiflc statement of the effect of climate upon different classes ot 
material. The subject belongs more pro(ierly to scientists. I merely cite the 
case ot rails to illustrate the lack of intorination on such subjects by those whose 
duties are connected wholly with theoare ot such property." — [Mar^iallM. Kirk- 
bam, " Maintenance of Railways."] 
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railway machinery, appliances and methods, has led i 
number of managers to seek the services of the graduate* I 
of technical schools aa assistant foremen, assistant super- 1 
visors, assistants to engineers of roadway, master me- f 
chanics, etc. After some actual experience these young J 
men are put in line of promotion, and inquiry shows that 1 
generally they stand well in their respective corps, butl 
even after going through the shops, such graduates con- J 
tinue more theoretical than practical, and this couetitutefl 1 
the great objection to railroads taking into service techno* | 
logical school graduates, instead of educating their own 1 
young men. 

As already shown, combined mental and physical educa- 
tion alone give satisfactory resultB, and no substitute for this | 
method will yield a railroad the highest value of ita \ 
talent.* The Pennsylvania Railroad pursues the plan of 1 
coiu>w'8^rSii*iates*'^^**^^^^S*'fthe graduates of technological institutions enter- 
ing its service a novitiate in the construction and repair j 
shops at Altoona before they are permitted to enter active | 
service. Many young graduates of technical schools so I 
highly value the opportunity of studying the scientifio I 
methods and enjoying the instruction of the Altoona shops as'i 
— it is said — to disregard pecuniary compensation, in aj 
wise desire to avail of tie fine training obtainable there. At \ 
the same time, if I am correctly informed, this instruction j 
is neither so specific nor so thorough as it should be, noi j 
can any method by which it is sought to qualify young j 

• Dr. Quincke, lormerlj Professor of Physics in the Berlin Polytechnic School, 
atid now Professor of Physics at the Univeraity of IleiJelberg, pointed out to 
the Soyal Coio mission era the error mads by maDy in believing that any poly- 
technic course of instruction could by itmlf teach & student (for instance) to 
erect an engine, work a bl&at f ur:iace, or inanufacture aiilphnric acid ; the rekl 
object of a technical school being to facilitate the transition from pure science 
to practice by means of appropriate lectures and laborotory worlt, which nra 
obviously insufficient to prepare the student for carrying on actual work where 
ptHctioal experience is Deeded. 
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men as railroad ofEcers be succeesful which does not pro- 
vide for theoretical instruction in those branches of knowl- 
edge that comprise what may be designated aa railroad 
science, jsaW passu with actujil commercial shop-work; 
the latter illustrating and confirming the former. This 
method of combining theory and practice so as to give tub momod no* 
both an educational value has during the past year been ci«e tor wounuff 
pursued with signal success in preparing the apprentices "™^ 
at Mt. Clare for cadetships in the B. & 0. service, 
under the program announced in your circular of January 
15, 1885. When it became publicly known that techno- 
logical instruction had been inaugurated at Mt. Clare, 
we were besieged by applicants for atlmission to the 
school whose social status, scholarship and culture were 
infinitely superior to anything found among the 147 appren- 
tices already in service, whom we had examined under 
the terms of that circular. Many of these young gentle- 
men entered as regular apprentices, without favorable 
discrimination as to hours of work or pay; in fact, 
they accepted low wages for services far more valuable 
to the company than those of the average uneducated 
apprentice. By supplementing their shop-work with the 
clasa-instructioQ which was specially adapted to it, they 
have achieved excellent records, and now possess a very 
solid foundation for a higher technical course, in which 
theoretical instruction may predominate, and after a year 
or two of further study they will honor the service in 
whatsoever positions may be assigned them. 

With educated and intelligent workmen and operatives, mwuigeot worn- 
railway companies will have fewer accidents, and the a™ MoideQw?' 
saving on this single account would doubtless often more 
than cover the cost of a liberal educational provision. 
Of the graduates of a technical school at Lille, M. 
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Hovarez says; *' Those engaged in working mineB soon , 
perceived that workmen who came from this echool heated 
their boilers better and with leas coal than did the other ; 
workmen, and that they escaped many accidents and 
repairs and stoppage of machinery." If this be true of i 
simple stationary engines, how much greater must be 
the effect upon such complicated machinery as railroads 
operate ! On this point Judge McArthur says that tech- • 
nical and scientific education becomes a subject of universal , 
interest; that — 

"The ordinarj accidents to vhich we are exposed arise ia too many instances 
from some error in the work oC the draughtsman or the machinist. The unexpected 
fall of buildings, and their liad construction, as developed in cases of fire, are 
sometimes attended with horrors that cardie the blood and sweep away precious 
lives by the most eieruciating deaths. The wheel or aileot the locomotive may 
be unsound in material or model, and the train in its rapid flight be plunged over 
a viaduct or embankment, bruising and maiming' its living freight and sending 
. ooT best and most beloved ones into Che grave without warning or preparation. 

Boilers explode, machines are shattered, owing to defective work of soma kind, 
and the newspaperspublisha daily catalogue of diaastera more appalling than tha 
carnage of war. The lesaer evila are also considerable." 

Many of the discoveries of the day are not used because 
workmen do not understand them or are incompetent or 
ie™uSabio unwilling to utilize them, and there is also an acknowledged 
BM^Md"^" deficiency in the ability of railroad employes to determine, 
with scientific accuracy, the shapes and dimensions which 
are heat adapted to stand the strains of the various work- 
ing parts of the locomotives and other machinery used by 
railroad companies. Though much has been done in this 
direction by specialists, It is more than probable, from their 
testimony and from the deficiencies of such machinery, that 
scarcely a tithe of the facta that may and ought to be 
wriai prob- tuown in this matter are yet discovered, or, where known, 
ul7 8oi?6d availed of. Such investigations, owing to the scarcity of 
;hooL work, men combining both practical and theoretical knowledge, 
are so costly and uncertain, and require so much skill and 
technical training to conduct them, that manufBicturing 
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companies cannot often afford to hire specialiBte or bear 
the expense of experimenting ; but in a school connected 
with railway shops, under competent guidance and instruct- 
ors of ability, much may be done, as a part of the school 
and shop-work inatruction, that will, at the same time, 
accomplish desirable results in other fields. It is the 
testimony of many of our beet educated engineers that the 
engineering profession in all its departments is continually 
hampered by the want of more extensive and more accu- 
rate experiments. They say that "in far too many 
matters they have nothing to re\y on but the imperfect or 
imperfectly reported results of antiquated experiments." 
The difficulty is that most of their experiments and 
observations have necessarily to be of short duration, and 
that they have insufficient data upon which to base their 
conclusions. If, now, we can introduce the scientific method 
of original research and experiment into our workshops ; 
if, instead of one experimenter, there may be dozens of 
wideawake, observing and energetic men in search of 
8cienti6c and mechanical truth ; if, instead of one experi- 
ment at a time, there may be several under different cir- 
cumstances going on at the same time ; if, instead of 
continuing a single day or a single week, these experiments 
in the workshop may be continued through months and 
even years ; if, in other words, our workmen, or a large 
number of them, can be taught to regard the workshops 
themNelves as great laboratories for continued research, 
experiment and observation with a view to gaining original 
information for practical purposes ; then there need be no 
more complaint in the realm of applied science about in- 
adequate data and uncertain conclusions. 

But there are other important considerations which 
should induce railway managers to promote the education. 
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of their people. The advance of our civilization ie seen 
in an awakened eagerness for scientific discoveries, and die- 
position to use scientific investigations, not alone as a method 
of mental gymnastics, but as a torch to illumine great fields 
of productive and commercial industries and to shed light 
upon the pathway of the laboring masses. What the out- 
come of tliis spirit of invention and discovery in the realm 
of applied science will be can only be conjectured, but 
whatever other industries may be affected by it, none 
• are more likely to reap rich harvests from its encourage- 
■ ment and growth than those railroads that, in point of 
qualified managers, scientific specialists and intelligent 
and skilled workmen, are best prepared for promptly 
utilizing such developments. No industry has fixed 
boundaries, nor can any be said to have reached matu- 
rity. The inventions of to-morrow may necessitate 
radical changes in the processes and in the kind and 
manner of manipulating the machinery of to-day. We 
have seen how combined scientific and technical educa- 
tion conduces to economy and net results, by culti- 
vating habits of thought and observation, and devel- 
oping special aptitudes; thus enabling workmen to utilize 
improvements and inventions at large, and encouraging 
them in attempting inventions and seeking for more 
economical methods of work, which inure mainly to 
the benefit of the employer. Original mechanical con- 
trivances; new — and improvements in existing — processes 
and methods of manufacture, are seldom the result 
of accident or the fruit of a low degree of intelligence. 
' Analysis of the history of industrial and mechanical prog- 
ress demonstrates that the large majority of inventors 
who belonged to the artisan class were deserving, faithful, 
investigating and generally well-educated men, whose 
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minds, through technical training, had acquired flexibility, 
and ■whose f:iculties were stimulated by study. If our 
workmen do not make inventions and develop economical 
methods of labor, others in the employ of rival companies 
will do so, and the active competition of the age will give 
those corporations that are advanced enough to cultivate 
the intelligence of their employee material advantages over 
others. Even if, in order to neutralize this superiority, we 
are willing to pay well for the privilege of utilizing im- 
provements and inventions owned by antagonistic intei-estH, 
we may still lack the power, through want of intelligence 
and skill on the part of our own people. Because of the 
lack of scientific knowledge that would have enabled its tinwi-amn ot 
managers to appreciate the value of a meritorious iinprove- p"JJ""'"'" "' '" 
ment, a railroad company with whose affairs you are 
familiar, now has to pay a rival corporation for the use 
of a slide-valve for its locomotives, invented a few years 
ago by one of that company's employes, who, for a nominal 
consideration, would have licensed it to manufacture this 
very valve for its own use and for sale to other companies. 

In this connection I again quote from Professor Huxley's 
declaration that "the advance of industry in all countrieH^i^;,^"J],*JJ* 
depends on employers being able to find to tlieir band per-n«lirrr''""M"iia.:i 
sons of sufficient knowledge and sufEcient llexibility of"" 
mind to be able to turn from the one thing they have been 
doing to something different, according to the nature of the 
improvement that has been made "; and that " th(; develop- 
ment of industry under its present conditions is almost 
entirely the result of the application of scitfnce to the 
development of mechanical processes of complexity, rt'(|uir- 
ing a great deal of attention and intelligence to carry tbem 
out," 

In this connection, the citatioo of two ourioui oircuin* 
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stances, bearing on a branch of trade in whicli we are 
greatly concerned, will interest you. The iron and steel 

'' workers of Cheshire and Lancashire are the most skilled 
manipulators of the common metals in the United King- 
dom, and their mechanical instinct has been hereditary for 
centuries. The first Earl of Chester was Master-of-Arms 
to William the Conqueror. His workmen resided in the 
villages of those counties, and when the use of armor was 
discontinued they were still notable workers in iron and 
steel. Their descendants still call their tools and imple- 
ments by Norman-French names. They possessed hereditary 
skill and knack sucJi aa no other workingmen in the King- 
domhad; yet from all thh body of skilled labor no invenMons 
came; they were and are satisfied to go on as their fathers 
and forefathers had done, and the inventions which have 
made this the age of steel came from those who were des- 
titute of their practical skill. The introduction of the hot 
blast in the furnace ; the application of the cold blast in the 
Bessemer converter, which changed liquid iron into steel ; 
theproductionofsteeldirectfromoreon the open hearth, and 
the discovery of the basic lining, by which phosphorus is elim- 
inated and all grades of iron made convertible into steel, 
revolutionized the mechanic arts ; and yet it is remarkable 
that only one of the inventors of these processes was 
directly connected with the iron trade, and not one came 
from all this body of workmen whose skill in manipulating 
iron had descended to them through many generations. 
The hot blast was discovered accidentally by an engineer ; 

,g Sir Henry Bessemer was an engraver; William Siemens was 
a mechanical engineer and electrician, unconnected with 
iron industries ; Gilchrist Thomas was a member of the 
Civil Service; James Watt was an instrument maker; so 
that the iron and steel industry owes its development to 
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science, distinct and apart from Itself, and in no material 
degree to its rule-of-thumb workers. 

The rapid and important improvement of machinery 
and mechanical appliances has placed many of our older 
railway companies at a disadvantage, in reapect to economi- 
cal conatruction and repair, in that their shops are filled diuM' 
with machinery and appliances of obaolete patterns, mac* " 
costly and slow in action, while works more recently |^J,pJf' 
established are generally equipped with the latest and beat 
the market aftbrda. Mechanical proceaaea enter ao largely 
into railway operations, and the resuUa of using crude help 
or plant so directly and seriously affect the percentage of 
operating expense to gross receipts, that one unacquainted 
with the history of railway management would naturally, 
but vainly, look to railway shops for the latest improve- 
ments in processes and machinery there used ; for prob- 
ably few managers would have the temerity to propose 
the periodical replacement of obsolete for the latest ap- 
proved practice and inventions in ahop-work, though able 
to prove the wisdom and economy of such a procedure. 

I might almost indefinitely multiply testimony respecting 
the diili?rence in etficiency and economy between educated 
and uneducated labor ; but I apprehend it is only neces- 
sary to prompt the minds of those experienced in handling 
labor to the line of reflections above suggested, to lead them 
to convictions respecting the economy in time, material, 
supervision, and value of products turned out by educated 
help fully as strong and emphatic aa those I have quoted. 
At least those employers and supervisors of labor who possess 
the kind of knowledge that can only be acquired from the ig^onZ 
combined reading of books and extended observation know «flc mei 
that at the present time most workmen in America have 
little general intelligence and leas general skill ; that most of 



them see machinery in motion governed by laws of tlie 
existence and nature of which they are totally ignorant ; 
that they see operations performed the nature and scope of 
which they are incapable of mideratanding; that they are 
accustomed to make parts of machinery which, together 
with other parts of machines made by other workmen, go to 
make up an organic whole, and yet neither know nor care 
to know how to put those parts together, nor how to 
operate them when combined. It ia needless to comment 
upon the results of such ignorance, except to point out 
that, aggregated, it must entail enormous lossea.* 

How best to remedy this condition of affairs is a problem 
of very serious im^rart; but I have written this report in 
vain if it has not at least demonstrated that, if we are to 
continue manufacturing our own plant, it will be cheaper to 
manufacture also our own skilled artisans, mechanics and 
other operatives out of the crude materials which abound 
in the shape of applicants for apprenticeship, than bid for 
them in the market; especially as, thereby, we will secure 
a corps familiar with the needs of, and attached by various 
ties to, the service. 

Let me here add a little to the testimony in the first 
section of this report as to what technological schools are 
capable of accomplishing, especially in aid of railway in- 
terests. I call your attention to the mass of evidence 
contained in the Exhibits to this report, and in further and 

*While labor with hand-tooh and iQOchiaes should he wisely blended, 7«t, 
unoe Tnachinery has a constantly increasing share in the conversion of material 
into useful forms, the educated mechanic ahould kaon how to design, construct 
and assemtile the parts at a machine, as well as how to make its product; and 
Bzeellence in construction ia to he sought as a most valuable factor in instruction. 

The power of the engineer to decide upon general grounds the best form and 
material for a machine, and to calculate its parts, is vastly increased by blending 
with it the skill of the craftsman in manipulating the material, and the fact that 
the product is to be tested and used kindles interest in its maniifncture and 
furnishes additional incentive to thoroughness and ejactness. [Catalogue of i 
Worcester Free Institute.] 
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effective support thereof I adduce the testimony of Mr. J. 
Scott Russell, the eminent English engineer and builder, 
and other intelligent directors of labor. Although a highly eau-oui 
educated man and an able scientist, whose scholarship has 
received recognition from several of England's learned socie- 
ties, Mr. Russell ia not a mere theorist on questions relating 
to manufacturing and constructive industries. When a boy 
he served a regular apprenticeship at a mechanical trade, 
after which he long followed the business of practical 
engineering; gaining suck prominence that the building of 
the famous Great Eastern was entrusted to his superin- 
tendency. The testimony of a man who thus combines 
great intelligence and learning with experience in the 
workshop, in the art of originating, and in the supervision 
of workmen, ought to command careful consideration from 
those who are largely interested in enterprises requiring 
constructive and mechanical ability. 

In his '* Systematic Technical Education for the Eogltah 
People," a book published in 1869, Mr. Russell says: awnnl' 

'' It seoma to me almost An aiLom tliat intelligent luen must do better work 
than boors ; that trained, skilled men must do better work tlian clumsy and 
avkwiird ones ; and tliat the more aiij man knovs oE the objects and methods oF 
his own work, and the work of all those who around, him ara engaged in oo-oper- 
ation, the more likely he is to do hie own part well, 8o^ to exactly St into nnd 
form one with his neighbor 'it work. Thus I thiiik thut an intelligent oommnnity 
of workmen will get through their work quicker, will fit its parts more nicelj, 
will finish oS everything more sharply, will waste leas material by trial and 
error, and so give higher value as well as qnality and durability to all their 
work, than ignorant, iinreflned, uneducated men. 

" Unhappily, mechanics, when taught to worfcingmen, ia generally either 
taught superficially, unphiloaophically, or with little or no reference to the busi- 
ness of their life. Economy of bodily strength, best ways ot handling things, 
beat ways of helping each other, best ways of carrying, lifting, shitting things^ 
these are seldom taught. Some algebraical formula, or abstract geometrical 
diagram, is put ktetore the poor mechanics and called science ; as well call it 
magic 1" 

" I will now come to practical matters which show directly the results of 
tecbnical educatimi in the production ol one of its chief objects — the creation of Bear!: 
wealth. It is notorious that those foreign rallMrays whion luive lioeu made by °^^^" 
the people themselves, in the educated countries of Germany and Switzerland, hoq. 
have been built far cheaper than those constructed by us in England : it is 
kaowit that ihity hane bten madt hy ihe pupils of the indutlrial achooh and lech- 
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nieal colleges of these countries ; and I know mmj ot their diBtingnintaed men 
vho take pride in saying that Ihey oiee Iheir poeiliona enlirely to their teehnieitl 
gehoolt. I find everywhere throuch their work markg of thai method, onlef, 
Ki/mmelrtf, and abisnfe of xcaeU which arise Ironi plana jbhU Ihoughi out, th« 
jadidous applUation of prineiples, contrntnUonapariimouy, and a high fUling 
of profesBienal TeapomibiiHy. In the aocurate cntling of their slopes KM 
einbankmenls, in the caradil Jesign and thoughtful eiecution of their tieautifol 
"but econoniioat stone maannrj, io the selt-denjing ecotiomj nf their Urge spftit 
bridges, the experienced traveler can read as he travels the work of a supe- 
riorly educated class ol men ;. and when wo come down to details, to the con- 
struction of permanent way. arrangement of signals, points and sidings, and 
the endless details of stations, we eveiywhere feel that we are in the hands of 
men who hai'e spared no pains, and who have applinl high professional skill to 
minute details. It is well known that many years before we could follow their 
eiample. the engineers of the German railways hud introduced a system of con- 
Btrueting and uniting to each other the iron rails of the permanent way which 
made them cheaper, safer and more durable than those employed in England. 
* * * It is remarked by every traveler that the work of their railway 
stations is, when compared with ours, much more beautiful, convenient and fit, 
both within and without ; the construction of their trains, the proportions at 
their carriages, the fitness, convenience, and comfort of their internal arrange- 
ments, all tell to the disadmntag-e of ours, and the only thing in which out' 
railways eiicel theirs is in high speed. Theirs, on the other hand, 
ical in capital and high in revenue." 

" To return to the mere riilgnr usefulness of educated human beings. I will 
venture a remark from personal experience in my profession, which 1 trast tnny 
B illustrate the vast importanoe to us of educating not only governors, or masters, 
' but of extending a high scientific education and skilled technical training to the 
workingmen of all skilled occupations. It is this : The commnnity at large are 
depriTod of the use of enormous treasures in mechanical invention, and enor- 
moiu! progress in scientific arts, by the fact of the general wont of education in. 
those who practise tliem. It may not be known, but it is yet true, that the 
mechanical power employed in all our manufactures is infinitely more costly 
than it need be. It is equally true that some skilled men ot .>iucli professions 
know thoroughly how to produce immense economy in the production and use of 
mechanical power, bnt that we dare not pnt the means into the hands of the 
uneducated masters under whose control they would be applied. I am not noir 
spcakingot alos.4 of five, ten, twenty, or thirty per cent. : I say that I know that 
we are only vlHizing on^tenth to one-twaUwth of Iht power we eftvatoy and 
t£aale, aiid thai an eeonotiiy of one hundred, tico hundreil, three huudrea, and 
four hundred per eent. is quite mihin our power so so<»i as a ttetter inforrned, 
higher skilled, mnreperfeeUy trained elast of men cmd matters shall anm, who 
are fit to be trusted with the use ot instruroenta and tools at present utterly 
beyond their comprehension, control or application to nse. Special knowledge is 
not sufficient to produce even the beat special results. The best workman is 
always the one who has a knowledge of tools and principles beyond the direct 
requirement of his work, whatever that may be. Tho best scientist is always Uia 
one who acquaints himself with other departments ol science than the one to 
which he is specially devoted. The best artist is always the one who does not 
limit himself to his specialty, but studies the whole circle of art. This breadth 
of study and work gives a breadth of knowledge and training which decidedly 
strencthens a man for his specialty, be that however rude." 

" I am continually asked why a man whose business it is to turn a furrow, c 
a ditch, wheel a barrow, move bricks, saw trees, plane boards, quarryst 
coals, or hammer liot iron, need know anything more than how to handle a S| 
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uBe his arms, or manipulate liia hammer ; and whetlier more knowleilge than that 
would not spoil their tiu'nda and set them above their vrork. 

"To this! can nnswer that, taking the mjitter on the very lowest grounds, I 
never saw any Hind of labor in which the man of greater intelligence could not The eiucs 
do more work in Bhocter time, to better purpose, and with less waste, than the ™^d mnkeB 
mere unediieated savage of civilized society, 1 have seen at the plough the clod- SrorkmBji°(n' 
hopper, little more intelligent than the well-red brates In front ot him. let hie most vulgar 
clumsy plough wriggle on wilh i^mnll care how it went, and little thought as to s""*' 
how it^ work were doiio; and I have seen the skilled ploughman, with halt the 
number of hordes, and with no greater toil to them, Dover double space oo the 
same kind of land with clean, straight, even, well-flniBhed work. The one knew 
all about the draft on his team, the strains on his harness, the ailjustment and 
aotion of his plough, and felt at liis fingers f instinct with intelligence) evei'y 
rariationof direction or force which indicated whether his own slight pressure on 
the plough-stilt should give it bias one way or the other. The one man. avoids 
difficulty because he sees it beforehand : the other endures it because he is in the 
middle of it before be knows it. and so must go through it. The intelligent 
ditcher who lays out wisely his day's work before he puts a spade in the soil, has 
so forecast and arranged it that every bit of earth is moved out of ita old place 
into its new the shortest way, over the least distance, with the least force. The 
skilled navvy can do double the work in the day of the equally stout but un- 
skilled rustic; and if this be the case in the lowest operations of moving earth, it 
needs no iteration on my part to show that in every sncceeding stage of work — 
in getting stone or getting coal — even before we come to shaping, selecting, fit- 
ting, fixing and dnishing articles of workmanship, the more mtelligent and bet- 
ter trained man will use bis mind to apply his strength and wield his tools so as 
to spare his strength and matei'iol either for himself or his master. EJstimated, 
therefore, on the lowest scale ot social value, education means economy, pro&t, 
absence of waste." 

Mr. John W. NystroiDj at one time Acting Chief Engineer, 
U. S. Navy, who received liis education in the Royal Tech- Tosiimony 
Dological Institute at Stockholm, in which theoretical wehnit^'ia! 
training is supplemented by workshop and laboratory 
practice, in a report advocating a Teckiw-Naval Academy, 



"There is now a very distinct line drawn between scientific and practical 
men. Tlie more we study and cuUivate the branches separately, the more dis- 
tinct will this line become and the less will they understand each other, and 
rouy ultimately fall into irreconcilable estrangement. The prejudice against 
science is in our day a very serious evil. 

" A blind man can walk on roads and streets, but when he finds an obstacle 
must stop : at a ditch he may tumble into it ; he cannot turn from his accus- 
tomed track. Such is the case with many practical and otherwise most valuable 
men working without a knowledge of physical laws. In order to follow np 
the improvements of the age, the track pursaed by our fathers must often be 
abandoned and a new one selected and surveyed for ourselves. 

" Withont the application ot science we go ahead without knowing where we 
are going. In veritlcation of which we have many examples in engineering 
blnnders, sometimes submitted to a committee of inquiry, which may result in 
the discharge ot the engineer, occompanieil by extravagant abuse of the depart- 
ment concerned, and the evil only temporarily remedied by substituting 
another, who will most likely not repeat the same blunders, but will do some- 



'■ At the present time ecientiHc attnlntnents and tnie practical knowledge m 
very little reBpeeted ; p-hj-sicnl kws eptablislied bj the Creator o( the universe 
are oftoTi derided as theorelicul : ifrnomnpa lias taken the lead, and rules in 
the ascendant, and often adopts that which is opposite alike to science, eiperi- 

" We must in all ages and in all connlriea eipect active and operative minds 
to come forward vith ingenious contrivances, sometimes with wild ideas, ridicu- 
lous in design, nnd wrong in mcchun'cal principles ; Imt then it is the function 
of science end knowledge to step in andcorrect their aberrations, or, if iiecessary , 
to guard against or prevent their further intrortucUon until developed to an edu- 
cated design, which otherwise mlfthc lead to destruction of life and property. 

" On the other hand, mostingeniousand valuable ideas are sometimes snbmitted 
to the opinion of scientific men with no practical knowledge, who may condemn 
them from an imperfect perception of their roerit It h only a knowledge of 
combined theory aiid practice tiat can accomplish justice in all cases." 

" Wo have numerous examples in Europe, particularly in Russia, where engi- 
neers ore educated to only scientific attainments, and who, when they enter a 
machine shop or engine room, are incomjietent for the proper conception of 
work, but are, nevertheless, entrusted with responsible stations, where their 
practical achievements only lead to mischief. 

" Our experience throughout life teaches ua that a practical man without soienc a 
seldom makes such serious blunders as a scientifia man without practice. Tha 
merit then of the Teehno-JVaval Academy would be in the education of engineers 
in the practice, and not with mere scientiiio precepts of professors. 

"The writer has often observed the career of atudentafrom colleges, and regreta- 
to say that too few of theja tarn their attention to work. Those who bftve 
received scientific education generally prefer to become professiffs, scientific 
advocates, patent agents, lawyers, philosophical secretaries, etc., etc., while the 
practical operations of our workshops suSer in the extreme. Every once in 
a while we have a steam-boiler explosion, killing ofi a great number of men, 
with great destruction of properly ; we build vessels which will not float ; an J 
often disappointed in the performance of vessels and machinery ; we waste great \ 
amounts of fuel, and we make extensive and costly experiments in steam engi- j 
neertng without consulting the physical laws involved in the operation. 

" In iron foundries costings are often made with too little metal, and some- 
times loo much ; thohydroataticactionofthetluidcast ironin the mould is rarely 
understood : the laws of shrinkage, strain, direction of cry stall izatioii, and eiuk- 
ing in castings of irregular form, are not generally comprehended ; and inany 
defects of experience exist which often eaure the loss of valuable castings, for 
want of applied science. Wh«n the casting turns out a failure, it is generally 
said that the foundry superintendent is not skillful, or has not experienceenough, 
which often means that he has not mode blnndeis enough to secure success. 

"The general impression about the busioessnf moulding and casting, as well aa 
alt other branches oE mechanic arts, is, as has been repeatedly told to the 
writer, namely, that ' the profossion cannot be brought within the scope of I 
science, and must be learned by experience alone.' j 

"On the other hand, scientiGc men without technical education, enti'usted with 
practical problems, are generally not familiar with important circumstancen 
involved in the operation, which accordingly results in blunders ; they are then 
derided as 'scientific men.' " 

Eagland has long had a large hody of skilled workmen. 
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by whose labor she has attained commercial and manU' 
facturing pre-eminence. But mere " rule-of-thumb " work, »» "S'lSuSiril!!?"' 
without general intelligence and scientific knowledge, was niiiinl.ne« f/ 
insufficient to hold that pre-eminence, which haH several "•"■'""''i™!''*- 
times been in jeopardy, and is now maintained only through 
recognition of the fact that her laborers must be intelli- 
gent, and that their technical and scientific education is a 
national work. In this connection I call your attention to 
the following and to other quotations in Exliibit M about 
the waste of material, etc., in construction, due to lack of 
educated labor. 

In the report relative to technical education by the 
Schools Inquiry Commission of 2d July, 18G7, Mr. 
McConnell, one of the English jurors, is quoted ait saying : 

" In the class for which I was jnror (or EnftlADcl, I Diade a Terj careful eiatn- 
ination and comparison of our locomolires, engines. carria;^s, njlwaj' rnachiDery. 
apparattu and material with tbofC eshibitcil trj Prance, Oermaiif ani) Belgioin 
(wbichgoTeronienUtupportfcboateoftechitologjrj. lamflrnilf convlticedUiatoar 
(ormer snperiority. either in materia) or workmanship, no lonfcer eiirta. . . . 
Unless we adopt a «jst«m of technical education fnr our worluiten inthiicountr;, 
w« shall soon not eren hold oar own in cheapoeM." 

The Royal Commiasioners make frequent mentioD of 
the fact that in the most enterprisiDg and euccesmful facto- 
ries and shops of Europe they found men peculiarly fitted 
and trained for their Bpeclal duties placed at the head (rf* • 
the various departmentH and tthopH an managerx and fore"* 
men. But they particularly Dotioed that v^ry many of 
these firms had been compelled to make provision for the 
training of their own managers and foremen, bo as to 
secure men specially adapted to their partkniUr industrie*-* 

*ItwiUbeiiBtedlh»ttheBriH*C0BtwMi]iifw'wportal:p»MMi<inil*Mi1 
at the gnat pngnm on t^ CcMiMM of taduOW a W to i i md th* iiiiiimM 
apDlicatiiaii vt tdaume ptbtiDlta to nmifiM<t«i* ttaee Ite Pwtt iMtnullniml 
&kibitioii is 1978. [SacMid SqiaR, VoL I, p. SOS.tfMf.] TkarmfHat 
the gnu iMdnstrial wtoUiAMcnl* are alaMNt pcrtoet fo Uwir aHMgnkM* ami 
eflkwner td pndmetion, emaaUf m FiwKc, la Ommamf, In WilioiM airf is 
Svitsriand. the cowrtrin «iMn t«duin] cdwadoa has Imb nart rgttf- — 
Dkd and adopted. Ill 1878 tlwBi^MMlfMWM «aM«4ad lob* fvilH 
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In his teBtimony before our Senate Committee on Edu- 
cation and Labor (Exliibit R), Mr. Mather said that, 
as the result of the long and thorough study of our 
institutions which he had made preparatory to reporting 
to the Koyal Commissionera on the industrial and educa- 
tional facilities of the United States, he had recognized the 
"native ingenuity" of Americans in contriving helpful 
devices in various industries, and particularly in matters 
of transportation; but he had also seen that, notwith- 
standing their enterprise and ingenuity, Americans owed 
much of their rapid advance to technically educated Euro- 
peans, and that in so far as their achievements are the 
result of native eflbrts, it is due to lately estabUshed 
technical schools. I quote his language on this point : 

^ " The workmen of America have been educated and brought up under oonditionB 

tta^i''B(orB^n*l' "^iff^reut Irom those preyailing in Europe. It is impoBaible to traverse this vast 
SeDAte ComiDltieo' oontiasnt (America) without witnessing the evideoce ot originality of applic&- 
■Mi Labor on Indus, tion and of a growing Jevelopment due to educstbn in the acientiflo atts. In 
the fJiilroed sjstem, from the locomotive to the baggage car, there are origiiiBl 
design and nalied ingenuity in every contrivance ; in bridge-buiiding, greKt dftr- 
ing and ready devices for temporary, yet safe, structures ; in the navigation ot 
rivers there are lioats which differ from all Eurojiean systeras. Theshallow rivers 
like the Misaipaippi, in summer, »re navigated tor thousands of roilea by steamers 
drawing less than twelve inches ot water. The Ohio conveys thousands of tons 
ot material from Pittsburgh by boats drawing nine inches at water. Towns like 
Chicago, Denver and San Francisco vere built under difficulties which require 
an entire departure trom all old motliods ot applying science. The produce 
of the great agricultural leglcaa suggested new methods of tilting, sowmg and 
reaping, and in agricultural machinery the Americans showed how quickly and 
directly science could deal with vast producta, which would rot in the Add but 

these countries in the production and manipulation of machinery, but the Com- 
missioners now admit that raueh machinery of all kinds is produced abroad 
equal in Qnish and efficiency to that ot England, and that it is applied to manu- 
factures with great skill and iiiteiligence. 

When we remember that England has heretofore taken the lead in European 
manufactures ; that she has decided advantage over her Continental rivals in 
the abundance ot crude materials and cheapness ot fuel; that heretofore her 
machinery has been acknowledged to be far superior to that used in the factories 
of other European countries; that the concessions above referred to are made 
and published to the world by a commission consisting ot English manufact- 
urers, legislators and educators; and when we consider further that not untit 
very recently has England done anything worthy of mention for the education 
ot her artisan clnss, while Continental nations have made strenuous efforts 
to this end tlirough the establish tnent and munificent endowment of polytechnic 
and other industrial schools, the economic value and great importance of tech- 
nical educatiuu appear in a most striking light. 
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for meoIiftniciLl skill to preserve them. The same ftptitude that dealt with the 
overwhelmiDg abundance of the West has turned to account the sterility cX tjie 
East, where in Maine, New Hamishire and Veniiont the mechanical skill of the 
fermer in daviBing economy has oontributed as much to his support as his knowl- 
edge o[ cattle and oropa. 

" It is, of course, in the more recent stnictures and modem mechanical appli- 
ances that the evidence of scienfifle tmths and methods is observable. The 
rough-and-ready contrivances of early railroad development indicate originality 
and ' mother wit/ but In the waste ot niateria.1 and cmdeneas of design may be 
noticed the absenoe of technical or scientific training on the part of those who 
conducted extensive engineering and mechanical operations in those days. The 
gradual difiaeion o( science is very marked In the rapid reconstruction, during 
recent yeare, of the great railroads of the taat, and in the new main lines. Also 
in railway plant generally, the old is being replaced by the new, and the latter 
exhibits high theoretical knowledge combined with practical ingenuity. 

" The Americana undoubtedly owe to maay European en^neers the rapid 
advance they have been able to make in their public works. The conservation 
of water power for the uEe of the mills at Lowell and Lawrence, in Massachu- 
setts, is due to the eminent hydraulic engineer, Mr. Frances, an Englishman 
who practised for forty years in America, and who is deservedly esteemed as the 
highest authority on hydraulic engineering in America. Although a lucrative 
field was, in the early days, open to European engineers and mochiniata having 
a thorough scieiitific knowledge of their profession, yet it is evident that they 
soon found apt scholars in A!merica, who, Ets they acquired some theoretical 
science, launched out into new paths, nntra.mmeled by the traditions of older 
countries. 

" Even the science of foreigners, when applied here, takes different methods. 
The Englishmen and Germans become bold and self-conildent to a degree only 
manifested by rare men in Europe. The everlasting thirst for sontelhing Title 
escites, stimulates and drives men to venture into untrodden paths of applying 
their knowledge. " 

"All these evidences of scientific skill (in America) speak well for the methods 
of education in the recent post, so far as it goes, but other influences, such as 
'necessity the mother of invention,' and the presence in America of foreign 
experts, will account for much of the rapid grovrth in the mechanical arts. The 
future development will depend upon a population not compelled to dare and 
endure and eiperimentalize for ' very lite.' In the past the waste of material 
has been excessive. To make the best ns« of a given quantity of material 
requires a sound knowledge of its properties and of its disposal in the arts and 
manufactures by scientific methods. In this direction the technical and science 
schools already instituted have accomplished much in providing foremen and 
managers, chemists, minera and intelligent employes in tlie engineering and 
manufacturing products. (For schools referred to see Exhibit L.) 

" It is remarkable, however, that in the great centres of the mining and iron- 
producing districts, whereso large an amount of mechanical construction is carried 
on, as, far instance, in Pittabui^h, Chicago, Detroit. Cleveland and Philadelphia, 
so litUe has i>een done by the owners of large establishments, or by the town or 
State authorities, in the direction of technical schools, or evening science schools. 
These industries represent a large proportion af the working population in those 
large cities, and yet the owners of works have to rely upon the scientific knowl- 
edge obtained through raany institutions remote from these districts." 

Mr. Mather is only one of many who have seen and 

regretted — and have called attention to — the lavish waste 

of material and reckless expenditure of time and money, 
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and even sacrifice of human life, that have resulted froBfl 
our lack of scientific knowledge and failure to appreciate 
the economy of its application to productive industries^ 
The facts cited in his report form an eloquent appeal fo( 
its greater application to our arts and manufactures. 

Elementary knowledge is moat easily, economically an^ 
thoroughly acquired in youth, when the mind is free froiB 
carea and distractions inseparable from manhood. Upon 
this point Mr. John B. Jervis, a civil engineer, who has 
lately written on the conBtruction and management of 
railroads, well says : J 

" Though there are exceptions, it is a general truth that it is expensire m9 
learn a new occupation in maturer manhood ; and consequently, the railmjl 
company tliat commit their business to unskilled or uueducated men, must aa 
■ at, the expense of educatiug thera during their superrieion of business, and while 
they are learning it.s arts and duties ; meanwhile depending on advice, trusting 
to the guidance of others as tlie; may chance to Qnd nut matters beyond their 
powers d( criticism. Can there be a doubt that the proceedings ot the pupil will 
often be undecided, wavering, and wanting in that system indispensable to the 
efficient and successful conduct ot intricate and important business? Now, it 
has happened that such men have in some cases eventually acquired a good 
knowledge nt business, but It is obvious that this education has been of the 
most expeusive kind, and, what is particularly important, it has been at the 
expense of the proprietors, who paid a salary while the i[icumbent was obtaining 
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the QUaliQcations that would enable him 

" It will be admitted that training ol s> 
ment of labor or business. 

" A man who is educated to a particular business — whose time is devoted to a 
fuU understanding of its requiremants— and who is stimulated by the cousidera- 
tion of professional reputation, is more likely to conduct affairs odvantageouslf 
than one who picks up his ideas at random, and though doing some things very _ 
well, will often tui! in respect to otheiB. Certainly the important matter <' 
maintaining the track and machinery of a railway should be committed ti 
most competent hands." • 



I also repeat that it ia the universal testimony of em- 
ployers that the graduates of good technological schools 
have a greater capacity for work than other worlimen of aver- 
"' age intelligence, and that they easily adapt themselves i 
changes of employment, oftentimes to the great financial 
advantage of their masters. 

It has already been shown that many manufacturing com- 
panies in Europe have recognized the importance of 



sr of^l 

.^ 

em- 
3ols 

itoj 




affording technical training to their employes, and I have 
also called your attention to many workshop echools in 
Tarious parts of Europe that are wholly or partly sup- Eii^^an'i . . 
ported by proprietors. So valuable is auch previoiiB tech-jp^fwijU'Mi"''™" 
nical training recognized to be, that I have learned of a 
large number of instances where employers are in the habit 
of sending to home and foreign exhibitions, at their own 
expense, those of their young people most advanced in tech- 
nological study and of quickest perceptions, in order that 
they may study new inventions, machinery, etc.; while 
many others allow their apprentices and young men to leave 
their work an hour or more before stopping-time, on 
class-nights, without abatement of their wages. Many 
European manufacturers and the managers of some for- 
eign railway works now call the particular attention of 
their workmen to new designs, improvements in machin- 
ery and methods of work, and to successful inventions 
that have been made by other workmen trained in 
technical schools. Such workmen, partly as a result thM^ieol' 
of greater intelligence, recognize and are stimulated byfoem'Jik.^a 
the great possibilities that are constantly opening up 
to them, and partly through a love of study and in- 
. veetigation acquired in technological schools are con- 
tatantly on the alert for opportunities to accomplish some- 
hing above the performance of mere routine duty ; 
whereas, lacking scientific Itnowl^dge and technical train- 
ing, they would probably not only have contentedly fol- 
lowed in the footsteps of their predecessors, willing 
subjects to the tyranny of routine, but would, in all prob- 
ability, have opposed the introduction of improvements 
rinade or suggested by others. 

Valuable information in the same strain is furnished by 
idiiimber of the leading manufacturers of England, who 
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state that, as one beneficial result of the instruction givett^ 
'their employes in claaeea and evening schools, they have^ 
perceptibly advanced in intelligence and, understanding ' 
better the directions given them, and the objecta had in 
view in the work assigned them, their usefulness and 
value have been materially increased. That whereas, J 
before they received a technical training, their workmen ] 
would have to return to the shops to get personal instruo- j 
tions on every emergency or case of difficulty, the same 1 
workmen, after acquiring the ability to make sketches and I 
to reason about their work, now make suggestions them- 
selves and remedy such difficulties without delay ; also, 
that instead of requiring a draughtsman or foreman to i 
look after every separate shop, the young fellows who are I 
growing up under their system of technical instruction i 
are making their own drawings, working from thei 
fitting their work together and erecting it with great j 
economy, because one man now does what it used to i 
require a separate man in each department to accomplish ; ; 
and, generally, that their workmen are, at a much earlier 1 
date than formerly, acquiring intelligence and ability to 
understand and to execute their tasks, and at much less 
cost to the manufacturer. [Royal Commission, Second Re- 
port, Vol. II, p. 430; Vol. Ill, pp. 217-18.] . 
One of the most valuable and effective agencies for i 
increasing the intelligence and efficiency of workmen is 
instruction in drawing. The habit of working from draw- 
ings and from careful measurements ; the ability to make 
drawings and to construct machinery and other products 
according to scale (which may readily be acquired in a 
school of technology by any one of ordinary intelligence) 
will always be a source of profit and economy to employ- 
ers, and is probably of greater importance in railroad shops J 
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than In any other branch of industry. Very few of our 
artisans (and in this general term are included carpenters, 
shipbuilders, masons, raachinista, etc.) know enough of 
the principles of projection to be able to read the working 
drawings placed in their hands, to say nothing of the skill 
required to make such drawings, and are therefore obliged 
to work under constant supervision and at reduced wages. 
While in some few cities drawing is taught in the common 
schools, it is an exceptional case where enough of the 
theory and application of projection is taught to meet this 
universal want of artisans ; while, as a matter of fact, 
no school-child of either sex can well afford to dispense 
with the peculiar discipline which is derived from instru- 
mental drawing and free-hand practice. A finished 
draughtsman must, for many years to come, be the pro- 
duction of special schools. Professor Thompson, of the 
Worcester School of Technology, says that — 

A boy who spends two hours & week in rlmwing and the rest of tho time in 
workingatthebenchileArnshia business taster and bec»raes more skilUulinit than 
one who works nil the time, and lie cslculates that the productive efficiency of 
every maehine-sbop wonld be increased thirty -three per cent, if every jouruey- 
man could read any common drawing and worii by it. 



Professor Ware, of the Boston Institute of Technology, 



" Drawing is au invalnable element in a general education. To tlie workman 
it is of the greatest practical use. It mxkes him more intelligent and serviceable. 
If he attains to real skill in the aee of his pencil, and develops the tastes and 
talents that cannot without thja training he either discovered or made use o[, he 
becomes a valnnble person at once. Every brunch of our maiiufttotures is suffer- 
ing from the want or jusHthis intelligence and skill." 

That technological schools adapted to the wants and 
standard of our workmen will do much to prevent and over- 
come labor troubles, is self-evident. Such troubles fre- Labor troubi«t 

quently occur through the inability of the workman tobiewian 

under8ta.nd the mutual relations existing between labor 
and capital. Dense ignorance makes men the easy and 
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ready tools of demagogues, while the influence of a few 
well-educated, thinking mechanics, scattered among a mass 
of workmen, is an invaluable nervine in labor agitations. 

That euch training as is here advocated will also be a 
source of prolit to railway corporal ion a, by diminishing 
the tendency to dissipation on the part of workmen, and 
thus increasing their efficiency in the shops and on the 
line, is easily demonstrable. It is not putting it too strong 
to say that ignorance is the great centre from which radiate 
intemperance, coarseness, brutality, vice, conceit, arrogance, 
irregular habits, and almost every other trait of character 
that a good workman should not possess. An ignorant and 
unskilled workman can never be anything more than "a 
hand," often untrustworthy and troublesome to his employ- 
ers and to the community in which he lives, while an edu- 
cated laborer is a valuable citizen in any community, and i 
likely to be the helpful adviser of those availing of hie 
services. In both Europe and America many promising 
enterprises are rendered unprofitable by the bad character- 
istics of employes, and capitalists abroad are beginning to see 
that the surest remedy for this evil is the education of the 
laboring classes. In Chemnitz, Saxony, one of the greatest 
centres of European industry, where the standard of edu- 
cation among all classes, including the poorest, is excep- 
tionally high, there is a corresponding high standard of 
decency and self-respect among the laborers. Very little 
time is wasted through intemperance, and the workmen 
attend their tasks with great regularity. (Eoyal Commis- 
sion, Vol. I, p. 304.) The same kind of testimony comes 
from Windisch, Switzerland, and from many other places, 
where the employers look after the education of their 
laborers. It is claimed that in Windisch dissipation is not 
known to the managers of shops. (Vol. I, p. 278.) 
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Mr. William Anderson, a member of the Institute of 

Civil Engineers, and also of the Institute of Mechanical 
Engineers, says ; 

"When we estalilEslied works in 1804, we used to have great diffictilly 
as regivrds the drinking habits ot the people, and wa had greu.t dilUculty in 
managing them frenerally. Monday was a blank day, for instance ; but that ia 
completely uhangecLnow, since the eatiiblishment of schools. The yonng men 
now engaged in the works, who have passed through the schools, are of a very 
different character from those we used to have. Instead ot having- letters from 
out men that we can hardly decipher, we get well-written letters, aensihle in 
everv way; and this improvement in elementary educaiion has improved the 
whiiio moral tune of the olasa from which our workmen are derived. We are 
getting a better raw material to deal with, and the young men are beginning to 
show ft desire for self -culture and self-improvement. 

It is not surprising that men whose intelligence is 
80 little developed that they have no source of pleasure 
or enjoyment within themselves, should easily acquire co» 
habits of dissipation. The workman who is incapable 
of deriving enjoyment from useful reading and elevating 
thought; whose home is probably nothing more than a 
place to eat and sleep in, possessing none of the comforts and 
social attractions that emanate from cultui-e, and whose asso- 
ciates are not of a type calculated to elevate or inspire him 
with aspirations to do something and be somebody, is handi- 
capped in the march of morality and civilization, and 
naturally falls an easy victim to habits of vice and dissi- 
pation. It is the universal testimony of managers of labor 
that the usefulness of workmen diminishes in proportion 
to the frequency with which they spend their evenings inqun 
places of dissipation. This is natural, for after a night or 
even an evening spent in such haunts, a workman must 
resume his work dissatisfied with himself and with his 
surroundings; his brain will be dull, his hand unsteady. 
He will he irritable and unwilling to receive instruction or 
advice; indifferent as to how he does his work, or, if he 
can escape the penalty, if he does it at all. Of course I do 
not mean to intimate that all ignorant laborers are dissipated 
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or predisposed by ignorance to vice, but it is tin estab- 
lished fact that the mass of people who are vicious and 
dissipated are, if not wholly without mental training, 
mentally and physically unskillful, and that an educated 
man is not nearly so apt to indulge in dissipation as 
- an uneducated one. A man whose mind has been culti- 
■ vated as his hands become skillful, finds enjoyment in 
his work ; pleasure and profit in reading useful books 
and papers, and in innocent social pleasures of a higher 
type than can be found in bar-rooms or on the street- 
corners. His home, however humble it may be, is likely to 
be tidy, and to afibrd him an appreciable degree of comfort 
and enjoyment. Such a man is free from many tempta- 
tions, and the probabilities are strongly in favor of his 
leading a sober and useful life; which, of itself, is a 
guarantee of fidelity to bis employer. Instead of diminish- 
ing his ability for efficient work he will, in all probability, 
when out of the shop, bestir himself In acquiring useful 
information and in taking that rest which nature demands, 
and which will enable him to resume hia duties with effi- 
ciency and eatisfactioa to himself and to his employers. 
It follows, therefore, from this point of view alone, that 
the necessary result of educating laborers will be increased 
profit to the capitalist and the elevation and greater 
remuneration of the laboring classes. 

Trade schools, by providing useful and congenial employ- 
ment for the leisure time of apprentices, have an especially 
beneficial efiect upon their future; keeping them from idle- 
II ness and dissipation ; increasing their self-respect and 
moral tone and confirming them in studious and steady 
habits at a critical period of their lives. One of the 
greatest advantages that comes from operating evening 
schools, or classes that require evening preparation of 
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lessons, in connection with shops employing many appren- 
tices, is that such schools fix the knowledge and continue 
the habits of thought and mental application acquired in 
Bchool-Iiie, at a time when all previous school-acquired 
learning would otherwise become so indistinct as to exert 
little if any influence in forming or confirming in them 
tastes for useful work and enjoyment. 
Says Mr. J. Scott Russell : 

"1 am hopeless in the matLerof educatfng the 'wurklngman' who tins grovn 
up into manhood without education. For the roost purt, BUah nien are too old Ut 
learn. I have never aeen, but excejitionull;, much good come nl trying to lirive 
Dgures anil geometrical probleme, aad mechanical theorems, and light and slmdiri, 
inti) the head ot a full-grown workman who hiul tailed to get n gonl uducation 
when young. There have been brilliant eicept ions— bow brilliant I how few i" 

I also quote again from Mr. Nystrom : 

" It is not expected, neither is it necesaarj, that the student shall became an 
accomplished mechanic, but the object is tjj concentrate his mind on the work 
about which be is studying and caloulating. When confined only to bnuks and 
blackboards, his conceptions rarely ei tend any further. He ncquirca the knowl- 
edge by routine, as it were; the study becomes tedious to him ; and when lirouKhl 
Co bearon practice, the most simple problem may confound him. When a ntudont 
is brought up in the combined science and practice, however, he geiinrally 
acquiresataatelor work— good workmanship and proper proportioiw— and tlie 
application ot his science lieoomea a pleasure. He studies mathemnUfts at tho 
same time he leams drawing ; physics and mechanics at the Hame lime lie makes 
hia tools and models tor machinery. His scicnc«i9 applied as fast na It is Mqulrod. 
and he will never forget it. When a student U thus er|uipfi«d tor thnjnuniey ot 
life, be is able to bring such physical laws into action as to teoura suuueiw In all 
his enterprises. He wUI be abie to record aad report Uick U> the liislitnta hi* 
fnture experience, by which the most thorough conoeullon may be kept up be- 
tween science and practice. 

"As things now stand, a man of most vat ua.ble informxtion is not alil« thus to 
record his achievements ; in fact, be may not know himndt the very lav* ot Ills 
auccess; his eiperience and valuable knowledge die with lilm ; hi» tolling iUc- 
cessor will reiterate bis blunders, and gain new eiperienco by a new wrlut ot 
eipeusire irinla and errors." 

There are many other advantages that workshop Hchools 
have over others. Easy access to machinery, and the ["."JrVt 
direct application of principles and theory learned in'™"" 
the school-room to work in the shops having a com- 
mercial value, would make such inulruction practical 
in a high degree, while the tend<fncy of the usual 
technological schools which use mechanical plant (gen- 
erally limited in quantity) for illustration and manual 



exercise only, ie toward the study of ecience, withoui 
regard to its practical application.* Workshop schools 
would also make it possible to bring science to bear upon 
mechanical pursuits in a way and with a power that has 
heretofore been impracticable, because thereby it is possible ' 
to have long-contimted, closely inspected and carefully 
verified experiments beariug directly upon practical work. 
So great has the demand for learning become, and so numer- 
ous and diversified the occupations of life, that to be suc- 
cessful it is DOW necessary for men and women to specialize 
and expend their intellectual energies in particular fields of 
thought and investigation. In accordance with the prin- 
*;ciple of economy from division of labor, it is necessary 
that the same degree of specialization shall be applied to- 
technical education. But no school, as such, can accom-^ 
plish what is needed in this direction that does not afford 
opportunity for practically applying the knowledge gained 
in class instruction, and the only way to accomplish this is to 
have schools intimately connected with, and under the 
management of, industrial corporations-t 

*The groat diffluulty I experienced in getting tangible and concluslTe evi- 
dence of lliB utility of workskop schools ftbroad arose Irom the degeTteralion ol 
their original progrania into |)urely thforetical instruction and tlie teaching of 
principles without applying them. 1 know o( but one English school where 
any conslKtent ?lforts are mnde to apply sebool instraction in the shops — that 
of Mather & Piatt. Manchester, whose teachers are employed in the shop* and 

¥irsonallj direct the theoretical instruction of their pupils to Bhop-worlc. 
he absence ot this combination of theory and practice, under intelligent 
direction, constitutes the great weakness and seriously impairs the usefulness of 
such schools. To teach the principles of mathematics, physics, mechanics, 
machine construction and gearing, the formulae of chemistry, etc., without 
filing those principles in tba scholar's mind by illustrative experiments, the 
actual handling ot apparatus, macbinerj and tools, is an impractical method <k 
instruction which, as aforesaid, has in a targe measure destroyed the uselulneaa 
of technological as well as of public schools. I 

tin the October (7en(«ry, President Gilman, of the Hopkins University, pi ao«i | 
himself on record in favor ot industrial education, und formulates his views ot 
what maybe done tor its promotion in oureducalional institutions of every grade. 
Doubtless Baltimore would receive wise counsel and substantial aid Irom him 
and his experienced coadjutors in remodeling our school system so aa to make it 
« nearly confonn to the recugniEed needs of the cityand age. The Guilds ot 
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Trade schools are especially valuable for training the '^'^^'*f 
young of our industrial classes, because they are thereby ^„^5™i'i 
enabled to earn a livelihood while acquiring theoretical^ "" 
and practical knowledge, jiaWpas^u; each supplementing 
and assisting the other. Aa no boy can well acquire the 
manual skill of a good workman except in the workshop 
(or in the field, so to speak), where all the details and 
appliances of a trade are regularly used, and where the 
methods and processes of that trade are to be seen on a 
business scale, so no boy can well acquire the theoretical 
knowledge pertaining to a trade where his attention is 
constantly distracted by material sights and sounds, more 
attractive to the young than mental application. We all 
know that scientific principles are easiest fixed in the mind 
in youth, and by the illustration and practice of rules 
in actual work, to which the responsibility of value 
attaches. When a boy can be got to comprehend the 
elementary principles of a science, he has put himself in 
the way of mastering that science in after years. But before 
he can make any solid advance in scientific knowledge, he 
must have a basic education such, for instance, as should 
be furnished by our grammar and higher public schools.*' 

London afford valuable precedents and a wide experience upon wliioh do found va 
intelligent and praotioai scheme of trade education ; and should the city show 
auoh a spirit ol advancement, the Johns ilopkins Untversity might be disposed to 
Eupplement it. with a school of applied science aioiikr to those ot Harvard or — 
better, because more practical — ot Cornell or Colambia. 

■He who has studied, refleoted, learned and arraiiged his knowledge in system 
and order, is able to gather other stores ot knowledge and add them to those 
already acquired. In order to knowledge, therefore, reflection is indispensable. 

The reflective faculties, we see, are eminently practical. They are not so much 
for gpeculation as for life. Not even the simplest work can be well done with- 
out them. The chief diflerence in all working-men la that enme put their brains 
into what they do. others do not. It is so with woman's work, too — with 
sewing, housekeeping, cooking. How invaUmble is thought in all this, and, 
alas! how rare. That is why we say. " Let boys and girls in our schools be 
taoght to think ; let them not 1)6 drilled so much in remembering aa in reflect- 
ing ; lay more stress on processes than on results, " There is an objection often 
urged against these higher reflective faculties in their eiercise for eommoa 
objects — that they give theoretical rules which are not practical. Thus, if one 
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Even where it is not deemed wise to inaugurate work- ' 
shop achools, as such, much can be done by managers of 1 
railroads towards securing higher grades of apprentices 
and helpers, by fixing a proper standard of qualifications, 
to which all boya applying for service must, as a condition _ 
precedent to appointment, demonstrate they have attained,* 
and then requiring them to attend evening-class instruc-fl 
' tion of a technical character, which can be maintained 
at trifling cost, or even to attend public evening schools. 

not actually engaged in teftehing suggesla an j new view intended to improve th« 
processes oC educution, he is Rpt ti> be told (bat this is not " practioal." It is 
sometimea even n^amned that tbeor; and practice are opposed tn each other. 
We often hear it asserted that a notion ni»y be " true in theory, but false In 
practice " ; that la. useless tor practical purposes. I, for one, esteem prac- 
tice. I trace all real knowledge to eiperience. I cnre [or no theories, 
no systaros, do generalizations, which do not spring from life and return to 
it again. Practice aud theory must go together. Theory, without practice 
to test it, to verify it, to correct it, is idle speculation ; but praetiee without 
theory to acjioiate it is mere mechanism. In every art and business, theory 
is the soul and practice the body. The sonl without a body in which to 
dwell ia indeed only a ghost, but the body without n soul is only a eorpee. 
When the waterworia in my house gel out of order I want a theoretical plumber 
as well aa one who is practical. I want n man who understands the theory 
ot hydroslatic pressure; who knows the laws giving rraisling qualities to lead, 
iron, zinc and copper; who can so arrange and plan beforehand the order 
of pipes that he shall accomplish the result aimed at with the smallest amount 
of piping, the least e_xposure to froat, the least danger of leakage or breakage ; 
and this a merely praclical man, a man ot routine, cannot do. The merest 
artiiian needs to theorize — i. e. to think — to think beforehand, to foresee ; and 
tlial must be done by the aid of general principles, by the knowledge ot laws. 
An intelligent man, a man of general culture, whose mind has been quickened 
with ideas, will often be able to show a oiechanic how to do his own work. 
When we are young, we have a superstitious faith in the knowledge each man ia 
supposed to have of his own LujirieBs. We outgrow this after a while. If you 
wish anything done about your house, send for a mechanic ; bnt overlook him ; 
do not lenvii him to hiuifelf. You will presently B[id thut you can suggest 
something to him in his own work which he has never thought ot. ^11 sudcms 
depends on practice, btit all improvement on theory. Let neither despise the 
other. The saying that anything " is trne in theory, hut false in praotice," 
involves an imponibility. The theory indeed may be plausible, but false, and 
then it will not work, and its not working is the proof of its being false. It is 
neither true in theory nor in practice. On the other hand, a theory which is 
true may not work at first, hecause the true way of working it has not been 
found out. It is not false in practice, but practice has failed at first ; bnt yon 
cannot say they were " true in theory, but false in practice." They had not 
been really put in practice. If anything is seen to be certainly true in theory, it 
will come right by-and-by in practice. Pulton's steamboat would not work nt 
Qrst. nor did Stephenson's locomotive, nor Daguerre'a sun-painting, nor Morse's 
electric telegraph; and no doubt a great many people said, "Oh ! t hat's 
in theory, but falsa in practice."—/. F. Clarke in " Self-Cxitlure." 
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The good effects that have followed such a procedure 
have been shown in preceding pages. Mr. Thomas Cleggj 
of Manchester, testifies in the same strain : 

" I have, from quite nboj'.atlended nnd ttiught night achoolg, and seen a good 
deal both ot the working nrid results of them, and Iwlievo mj convictions have 
uriaen lurtly from this, und in a gireat measure also (rum being a considerable 
employer o[ workpeople ; from Bfleen years of aRB probably never having fewer 
than one hundred uniler my individual management. My two brolhers and my- 
self have now prolmbly not lesj than from 1300 to ir>00 people in our employ. I have 
always mitinraincd against ull my friends Lhat those uarties Ihat have been edu- 
cated in the schools that I have been eonnpeted with wilt always do more work 
for the tame mo/iei/ and do il belter and with less trotAU than those that are not 
educated ; and I have always been in a position to prove it so." 

The system of examination of applicants for apprenticeship 
inaugurated by the Baltimore and Ohio Company nearly two 
years ago, was regarded as a hardship by many people, and i 
especially those who had uneducated sons they wished >;', 
admitted to the Mt. Clare shops. They did not consider that 
with lack of intelligence is always combined an absence of 
ambition on the part of a boy to make anything more than 
an ordinary mechanic of himself; that much more time 
is necessarily consumed in teaching a trade to an unedu- 
cated boy than to an educated one; that the former is not 
nearly so useful during apprenticeship as the latter, and 
that when he has acquired the manual skill of his trade, 
the uneducated workman will still he the lees useful of the 
two, because lacking those valuable habits of careful obser- 
vation and systematic thought that result from scholastic 
training, and are hardly ever otherwise acquired. 

Upon the inauguration of compulsory class instruction 
at Mt. Clare, the same sort of protest was freely indulged 
in by opponents of the measure, who argued that corpora- ^ 
tions have no right to compel their apprentices to attend S!"! 
evening school after a day's work, and that anyhow the 
results of compulsory attendance would be disappointing; 
for although hoys might arbitrarily be compelled to attend 
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evening classes, they could n6t be made to leani againsl 
their will. The answer wns made to such arguments that 
it is a common practice with firms and corporations else- 
where to compel the attendance of their apprentices at 
evening schools; that where applicants for apprenticeship 
understand this to be a condition precedent to their employ- 
ment and yet accept it, there can be no injustice in enforc- 
ing the rule; that experience has shown that though 
boys may at first attend class instruction reluctantly, they 
usually soon become interested in their studies and unwill- 
ing to give them up, and that those who obstinately refuse 
to loam always turn out to be poor workmen, whose services 
are unprofitable and should, in the interest of the service, 
be dispensed with. The results of class instruction at 
Mt. Clare have abundantly demonstrated the correctness of 
this position. 

It may with much reason be expected that the good 
resulting from workshop schools will not be wholly con- 
fined to their pupils, but that their influence will extend 
to the journeymen and others with whom the students 
associate. The educational influence of a number of spe- 
cially skilled mechanics upon the larger mass of workmen 
surrounding them will be great; their superior skill and 
zealous interest will inspire those who witness it with a 
desire to improve, and this influence will spread and per- 
petuate itself. That the industrial interests with which 
they are associated will be promoted by their correct and 
accurate methods cannot be doubted. 

While the reasoning and illustrations in the preceding 
paragraphs refer especially to mechanical pursuits, they 
apply with equal and in some respects with greater force 
to other branches of railroad service. 

In shortj I thoroughly believe that the greater efl^ciency 
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which a railway would Boon secure over its entire system Tocniwiogiuai . 
through the study and application of scientific and economic nwbi^n,'v 
principles liavlng a direct bearing upon its various departs 
ments, would make a technological school specially de- 
signed to meet its requirements far more profitable than 
any other investment of the raone^' that would be required 
to conduct it* As our railroad shops are now conducted, 
there is little or no systematic instruction of apprentices, 
and, as a rule, it would be difficult to find in such shops 
foremen capable of giving scientific instructioUj even if 
they had the time and inclination. But through the 
ftgency of such schools as herein described our shops would 
eventually be supplied with competent foremen, and a spirit 
of progreesiveness and healthy emulation would gradually 
l>ermeate the whole service. I do not doubt but that if 
our American employers could be brought to realize the 
value of such schools, they would follow the general 
European custom of requiring, as a condition of indenture, 
that apprentices should attend shop or other night schools, AUappi 
and this simple requirement would result in a practical """"'"» ' 
educational movement the beneficent effect of which upon 
the nation's industries and prosperity is now incalculable. 

• Answering by letter an inquiry Mr. Coler made of him oonoerning the eoonomic 
value n[ workshop-schoo! (ueilities to railroads. Gciiyrftl MaTiiiiter Webli, of the 
London aod Nnrtbwestern liailroiid, whoae aliops itre ut Crewe, umong otiier 
thinj{9BarB: 

'■The proriaiong under this head (theoretical workshop instrnetion) nre rery 
much appreointed, as you will doubtless notke by reierriiig to the Anaiial 
Esport which I hud the pleasure of handing ynu when here. 

"With regai'd to the economic reautts, there is no doubt that the railway 
compnny, by supporting such an institution, are able to retain the services of 
thouKhttul, fteocly men in their employ, not only for their own sakes. but it 
Buppiies an educational medium For their buys ; and, also, the theoretical instrac- 
tion imparted, if only to the compamtirely few, must have some effect on the 
intelligence in the shops, which has been found to be the ca-ie. Mjiny ot those 
who have received instruction in our olasaes have, through their application, been 
intrusted with work in the engine-works requiring mental exercise who would 
otharwise have been stilt at the bench. 

"This, I think, is, in an economic view, an advantage to the employers, ns it does 
not necessitate their going- outside, and consequently giving high salaries to 
persons required far suoh employment." 



nitndBeinDiit. 




In the preceding pages of this section it has been nhowB 
that, while, in its early history, the railroad business of 
this country was conducted with fair results by oiBcers 
and employes who, of necessity, had no previous technical 
ti'aining or experience, but who absorbed practical knowl- 
edge as the business expanded, it has now grown to such 
vast proportions, both as regards its physical operations 
and its executive management, as to call for great skill, 
thorough training and broad experience in its operating 
officers and. in a less degree, also in the rank and file 
from which they are drawn ; while of its executive, ad- 
ministrative and traffic officers it demands a varied and 
comprehensive knowledge and executive ability fully 
equal to what is needed to secure success in any other 
profession. It has also been shown that, generally speak- 
ing, our railroad officials have reached their present posi- 
tions through successive promotions in grade.as the result 
of long experience and service ; which, however, was ac- 
quired at the expense of culture equally necessary and 
important in, at least, those who come in contact with the 
public. Also that in the active competition between rival 
corporations, those which earliest recognize the necessity 
for high-graile talent, and provide accordingly, secure 
direct and material advantages over those that do not. 

On the ninetieth page of this report I expressed the 
desire to see the Baltimore and Ohio Company which, 
admittedly, holds a progressive position among American 
railways in respect to its treatment of employes, inaugu- 
rate what is familiarly known as a civil-service policy — 
believing that thereby it would secure greatly increased 
efficiency and net results. Since penning that paragraph 
there baa been brought to my attention an article in the 
Railway Review of October 25, 1884, on the subject of 
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PHOGKESSIVE PROMOTION BASED ON QUALinCATION AND MERI- 
TORIOCS SERVICE, AS WELL AS ON LONGEVlTYj which SO fitly 
supplements what has been said respecting the education 
of railroad apprentices and employes of higher grade, and 
rounds off this section so harmoniously, that T quote it at 
length. In my judgment, however, it would be a fruitless 
task to undertake to inaugurate such a system of progres- 
sive promotion among the rank and file and subordinate 
officers now in our service, — the basic material for euch a 
program not existing therein ; but I think that the system 
of teclinological instruction of apprentices and railway 
cadets inauguarnted by your circular of January 15, 1885, 
if carried to ita logical sequence, would soon develop that 
material in abundance. 

Tiio kiiowleJKB *"J ability with which rwlroad officials of to-dnj perform the : 
rnanf responsible duties thftt now devolve upoD them are maiolf the result oC long °-'' 
experience in the service. Such knowled^ as this cannot be acquired from ,„, 
books (iii^eful Osgood bonks are to every man) ; the railroitds cannot look toany vii 
Institutions similar in nature to lair schools or medical collecres to furnish them '^' 
the neceiisan' supply pf competent and elHcient olQcers. Without the slightest 
desire to reflect in any way upon colleges or technical sohnole, it is maintained 
that but a small proportion of railroiid officiiila or employes (eicepling those 
□ouDected with the engineering department) now or in the future will have more 
thauB good common -school education [unless given by railroads themselven]. 
The time necessary to secure any better tchool ■education than this can probably 
be spent to better advantage in obtaining that knowledge of details that can only 
be acquired by actual service in minor positions. 

Accepting the foregoing as correct, it can be safely assumed that the railroads 
will have to look lo their own ranks fortheiroiBcerBot both high and low degree, 
M this is so, it is clearly to the interests of th« railroads t^ do all they can to 
elevate the stand itrd of railway service. 

So much for the general railway service of Iheeouutty. And now to comedown 
to the reUtions that should exist between the individual railway companies and 
their employes. 

If the railway ofllciats of the country must be taken from the lower grades of 
service, and it therefore is to the interests of the railvay system to endeavor to 
keep the supply of competent men equal to any probable demand, is it not jndi- 
oious foreverj; railroad company to bkve among its own employes trained men 
who are familiar with its own peculiar mode of management, in order to meet any 
emergency which mayarisel' 

The foregoing has not been written simply to show that it is to the interest of 
the railway companies to do all they can to pi'omote the efficiency of the eervice, 
but to demonstrate that there is a certain identity of interest which should act 
as a bond between them and their employes, securing to one faithful service and 
to the other considerate and equitable treatment. The interests of the two are 
80 olosely allied that any permanent beneSt to-one of the parties must neoeworily 
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be to the odvantafie o( the other. It is to tbe kdvantAgc of the raflrosJ oom- 
pany thut ita emiilnyea should eerre it faitlifully ; it is lo the adTauttt^re of the 
empln^e that his services should be considered vnluuble. But, to stimulate the 
amhitiou of anyniftti.an inctnlive is required. No man will specially exert hint- 
self or endeavor to increase his uselulness to hfa employer uiileBS he feels satisHed 
that at some time he will reap some reward for hia iiioreseed exertions. Why 
should he? As a matter of fact, without euoh assurance his services are more 
likely to deteriorate ; he will perform his duties in a perfunctory manner, per- 
feotly satisGed so long as lie escapes dismissal. Bat, on the other hand, let liim 
see that his initial eflorts Ht iiaproveineiit are recognized, and he is stiraulated to 
still greater etlorts. 

The railroad service is like tun army : while every private cannot, ot coarse, 
become a general, if he is entitled to promotion by reason of his personal mmita 
he should be made a corporal, at least, on flrst opportunity, or i[i some oUier 
vray receive due recognition for his meritorious conduot. Again, every recraitiDg 
ofBoer likes to secure flr>t-clnssi«cruits; but to do this he has to show that the 
service for which he desires to obtain their enlistment possesses special atlrao- 
tions. Now, considering the railway service to be like an army, in what waj 
shall it show its appreciution of meritorions conduct of its employes, and what 
special attractions must it present in order to secure the enlistment of first-cloBS 
material? 

Permanency of employment is what every workinffman desires. Therefore, 
every employe should have good reason for feeling confident that so long as ha 
performs the duties of bis position in a, couscientioiia and faithful manner he is 
secure in his position ; that he need have no fear oC dismi^snl eicepting foi 
^ood and sufficient cause. What the railroad companies should endearor to 
impress upon Che miiids of all employes is, that in entering the railway sarvico 
they have adopted a permanent occupation in the same sense as a physician or 
lawyer adopts bis particular profess Ion ^-as a life-work, in which, under ordinarr 
circumstances, he must expect to attain whatever success in life it may be his 
good fortune to have allotted him. As far as practicable, oOlcials should dia- 
twarage the employment of any one who is only desiring to secure temporary 
employment, while awaiting a more ausplcions opportunity for cngHKing in some 
other pursuit. This class of men are of no practical benefit to the service, as 
they have no desire to became aetjuainted with the business ; and it they had, 
would bo likely to leave the service before they had acquired even a limited 
knowledge of their duties. 

However, to induce any man to enter the service with the intention of mfiblnf; 
it his business during life, somethin); beyond the mere fact that he will probably 
have permanent employment is needed. He must not only feel assured of per- 
manent employjnent, but he must also be satisfied that be will be likely to better 
his condition as he becomes more familiar with tbe business, and when, as a 
natural consequence, his services are more valuable. Any bright and intelllgeot 
young man, full of energy and sanguine to the highest degree, Is very likenr to 
think that it his Qrst position in tbe service (which, in consequence ot nis laet oF 
experience and technical knowledge, must be a minor one) is to be the one in 
which he is likely to remain for a long period, and that he stands but a slight 
chance ot advancement, whatever his merits may be, he had better start In Home 
other business which presents better promise ot future personal advantage. In 
his inexperience ot the rioissitudes of lite, and hie unlimited self-reliance in his 
own natural ability, he is fully convinced that he is predestined to altoln success 
in aomelhing, although he has bat a very hazy idea ot what that somtlMng is to 
be. But let him have reason to believe that there is a very fair probiibillty of 
his securing advancement In the railroad service, it he is willing to work for it 
and merit it, and in his confidence in himseif he will be willing to enter the 
service and anxious of having an opportunity ot proving his ability. 

For these reasons — to encourage present employes and to attract the rigliti 
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kind oE materiftl to the wrrioe— It is very desirable that all TBAsnoies that tna^ 
occur 111 itny aompany'a servioe should be SDed, at far as practicable, b; the 
promnlion or worthj cinployM from lower positions, instead of giving the posi- 
tiou to any outside |w.ny, or to aome tuvorite of the higher nffloials. Let it be 
fully unilerstooU by any compuny'a emplnyes that all vaenneies will be filled 
from their own ranks, and that no fnToritidin or partiality will be ahotrn, the 
appoint tnents being made on the strict merits of each particular case, and the 
result will ill alt oases be beneHcial. Of course, even when the vacancies are 
filled in the way suggestetl above, there nill be more or less dissatisfaction on 
the part ot ccrtuin disapiioiiitrd employes, who think that ther are the best 
entitled to the promotion; still, if the promotion is justly made, this will be 
soon recognized by alt the other employes, and will have the effect ot securing 
for the railroad management the coiifiileiice and esteem of its subordinates, 

It must be admitted there are often cases where, in order to secure some par- 
ticular party who is eicepiionally qualified to meet the requirements ot the 
position in which the vacancy exists, it is necessary to go outside of the com- 
pany's own staff to make the appointment ; but, while this (or a time will cbqm 
oonsiderable feeling, if the appointee possesses the special qualifications with 
which he has been credited, the fact will eventually become so pateut that even 
the greatest aoreheacts will have to admit the wisdom ot the company's action. 
However, coses like the one just mentioned are comparatively few; and i( each 
company will make the proper efforts to increase the efiluieney ot its own 
employes, they will bcconie still fewer. 

While it may be impossible to lay down a fixed rule as to how promotions 
shoold be mude which would apply to all eases and tbit would be just nnder all 
circumstances, a general mitltne of some ot tha principles which should govern 
can be given. Mere length of servioe cannot lie taken as the ooly consul erat ion 
which should determine what employe should li'* appointed to fill the vaciincy; 
although, everything else being equal, senioi'ity of service should have the 
preference. It is an undoubted fact that all men do not possess the sitme natural 
ability', and do not acquire a thorough know1edi;p of practical details with equal 
facility; and it is therefore often nece.-isBry, in order to do justice to the interests 
n( the employer, to promote one man over other employes whose term of service 
has Ijeen much longer than his. The equity of this must be admitted by every 
one who is willing to view matters in their proper light, and so long as the pro- 
motions are fairly made from the ranks of the employes, they will not, or at least 
Khnuld not, complain. 

Lei any company adopt this policy, and selert its engineera from its best fire- 
men, conductors from brakemen, sinlion agents from clerks, track overseers 
from section men. and so on through the different branehes ot the servioe, and 
its general officers from ofBcera ot lower grwdes, making each appointment 
r>nrely on the plain merits ot that particular case, and it will have adopted n 
policy thtit cannot tail lo result in a permanent elevation ot the standard of all 
Krades ot employment ; which fact will be fully proven by the consequent in- 
creased etnclencj ot the management. 



TECHNICAL INSTEUCTION IB THE BALTIMORE AND OHIO 
EAILEOAD SERVICE. 

The commercial success achieved by the Baltimore and aucosasoi 
Ohio Railroad Company haa in no sense resulted from =p'^j'^| *^ 
tlie superior skill or intelligence of its subordinate"""™"' 
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officials, or of the rank and file in its several depart- 
ments, but rather in spite of their deficiencies and through 
the force of character and capacity for affairs of its 
executives and staff. It is interesting to speculate upon 
the greater results that might have been accomplished 
had the executive ability, energy and money expended to 
secure its present position been supplemented by a corps 
of oflScers and operatives whose general education had been 
of a high order, and had been supplemented by technical 
training such as makes original thinkers. 

In the B. & 0. service there are now more than 24,000 
operatives. The rapid extension of our lines, and the more 
3- than correspondingly rapid development of the Company's 
business, will make it necessary to largely increase this force 
from year to year. Referring to what has already been said 
on the subject of railroad companies manufacturing from raw 
materials, I invite your attention to the fact that of this 
force, about 8,000 men are engaged in the transformation of 
crude materials into rolling stock and other railway appli- 
ances or in their repair. I assume that the present policy 
has been found wise and satisfactory, and that the Company- 
will hereafter do a still larger proportion of its own 
manufacturing and continue to do all its repairing. Under 
these circumstances the improvement of our mechanical, 
force, as well as of the machinery in our shops, is a subject 
well worthy your most earnest consideration. 

The fact is that the Baltimore and Ohio Railroad Com- 

lapany has been peculiarly fortunate, in the sense that the 

M geographical isolation of its main stem and branches haa 

■ resulted in the gradual formation of a corps of operatives , 

who, by descent, tradition and personal attachments, may 

be said to belong to the Baltimore and Ohio. These 

people are aui generis. From their earliest youth they 
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looked forward to an active partiripation in the opGriitloiiH 
of the road as a meana of livelihood, and all thi'ir aBpira- 
tioae and aaibitions are associated with its mltvioc. 'I'Iuh 
condition has been fostered by the custom, which for many 
years had the force of unwritten law, and whitih at the 
inauguration of the Relief Association was enacted into 
corporate law, by the official pledge of our Premdent and 
Board of Directors to regard the children of meritoriouH 
employes as entitled, by right of their parenta' faillifiil 
service, to priority of appointment, other thingn toeing 
equal, to all positions in the Company's gift. This proniiw? 
has been reiterated and confirmed by yourself, by giving 
exceptional privileges to the families of employes, Huch an 
reduced rates of transportation, recognizing tlnnr applica- 
tions to fill helpers' and apprentices' positions at all pointu 
on our lines, free tuition in the preparatory clasfeH at 
Mount Clare, etc., as well as by your contemplate'! luitirm 
in connection with the Mount Airy Home. Undonbteilly 
all this has resulted In creating and maintaining a corpH of 
operatives of exceptional devotion and loyalty, and han in 
many other ways advantaged the service; but it hun iiIbo, 
in some ways that were unforeseen, proven prejudicial to 
the Company's interests. For example, it if well known 
that the inhabitants along our main-stem (livixionn an- dift- 
gracefully destitute of educational facililieii, and this, 
coupled with the aforesaid senm^ of proprietorship in all 
minor positions in the service, with the prevalent id«a tliat 
any education or knowledge Iwyond the t*oundn of his triulii 
is of oo practical use li} a mefrhanical workman, and that 
so uneducated boy roake» just an gtiod if not a tmltcp 
mechaoit; than one who ha« no eclricatii'jn, hnf creatftd an 
indiffereooe as to whether tlurir childnm get i-vm mich 
elementary ioetruction as may be at their wnnmand, and 
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is fatal to the future of boya, especially; who, inheriting 
the same pernicious belief, combine with it a natural dis- 
position to have a good time when the day's work is done. 
It was an understanding of this condition of atfatrs that 
prompted Mr. Cowen to make the appeal quoted on the 
firet page of this Report, and that finally led to the 
establishment of the preparatory school at Mt. Clare. 

For several years prior to the issuance of your circular 
of January 15, 1885 (E-xhibit A), the claims of each appli- 
cant for apprenticeship and helpers' places at Mt. Clare 
had been passed upon by a board of high and intelligent 
officers of the Company, and those selected on the score of 
a- fitness and merit, as well as to reward long and faithful 
"service of their parents, were supposed to have materially 
elevated and leavened the younger element in the Mt. Clare 
shops — and, so far as I have learned, had done so. Yet, 
when I inaugurated a series of examinations not more diffi- 
cult nor more technical than those which test the fitness 
of children to enter the grammar schools of most of our 
Northern cities and towns, it was ascertained that out of 
one hundred and forty-seven apprentices then in service, 
not one was able to pass those examinations, even after due 
warning and reasonable preparation. These examinations 
(the character of which is indicated by questions given in 
ExhibitX) developed the fact that a majority of our appren- 
tices could not have entered an intermediate public school in 
— say — "Washington, where the standard is certainly not too 
high; and yet the education of our Baltimore apprentices 
may, with reason, be assumed to be higher than that of the 
other apprentices scattered among the shops along our main 
stem and its branches, where school fjicilities are meagre and 
unsatisfactory. Our service is filled with men who must 
have been boys of just the type I have described, and I 
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think you will not fail to perceive the gravity of this 
statement, upon recalling the testimony heretofore pre- 
sented of the serious loas and other disadvantages of 
employing ignorant labor, and refl-ect upon the further 
fact that, where tastes for reading and study are not 
cultivated in youth, they are seldom acquired in later 
life by those engaged in manual occupations. la proof 
of this, I cite the fact that, though there is a commodious ^1™'^™?''^-,^, 
library and reading-room at Mt. Clare, fairly equipped "^'uiiVB^Bttheir'' 
with works on science and industrial mechanics, and"^" 
where all the important scientific journals are displayed 
for the especial benefit of our employes, the record 
showH that, during the past year, out of an average of 
3,000 workmen at Mt. Clare, fewer than 50 visited the 
library at all, and fewer than 15 utilized these journals ; thus 
conclu-sively showing that they have not sufficient educa- 
tion to appreciate these valuable means of further im- 
provement. Outof 16,120 books circulated during the year, 
but 1,81 6 were of a strictly educational character, and they 
were almo.st exclusively drawn out by young men and boys 
attending our class-instruction. A very careful canvass 
last year demonstrated the fact that among this great 
mass of labor ouly one man subscribed to a technical 
journal, and that man was an ordinary mechanic. A 
logical deduction from this record ig that our people have 
little or no knowledge of current improvements or of the 
results of scientific investigations of mechanical subjects 
and, as a rule, they only know methods crude and generally 
obsolete elsewhere, and observation confirms this. 

If the foregoing statements satisfy you — as I thoroughly 
believe myself — that it would have been greatly to the NecoBsHTotedi 

'' . oBilngB. A o. Bra- 

advantage of our company if not only its apprentices and £y J'emrtt^d'' 
journeymen, but also many of its officers, had received awaafo"^''" 
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scientific education, or at least a liberal technical training, my 
object will have been accompHahed, and it will only remain 
for rae to point out that what is true of the past has greater 
force as regards the future, by reason of the extensions 
and expenditures that are so rapidly expanding our system, 
and to suggest such a program for technological instructioQ 
in our service as will commend itself to 3'our judgment. 

TECHNOLOGICAL SCHOOL AT MT. CLAEE, 

On the 15th of January, 1885, you issued an Executive 
Order {No- 6) providing for the school-instrtictiou of the 
■ apprentices at Mt. Clare and other Baltimore and Ohio 
shops in Baltimore (Exhibit A), and making an appropria- 
tion for that purpose. 

Prior to the establishment of school-work at Mt. Clare, 
the Baltimore and Ohio apprentices had neither incen- 
tive nor opportunity to develop into intelligent work- 
men, BO that on starting the classes it was with great dif- 
ficulty and only by absolute compulsion that the attend- 
ance of about forty shop-boys was secured. They were, 
with few exceptions, rude and almost unmanageable in 
the class-room, uninterested in the instruction, and scarcely 
able to await the hour of dismissal, when they would 
vacate the school-room rudely and in haste. Then the 
class-instruction was confined to the most elementary sub- 
jects, and the boys were unable or unwilling to read 
technical or scientific books with any show of profit. Now 
there are under school-instruction seventy-five as orderly 
and polite boys as are to be found in any high school of 
the country, and among the very best of them are boys 
who a few months ago were conspicuous for rudeness and 
insubordination. We have had classes of apprentices in. 
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geometry, algebra, physics, locomotive engine, mechanics, 
mechanical drawing, free-hand dra-wing, geometrical draw- 
ing, English and history, and a valuable method of in- 
struction by special reading, selected and recommended 
by the teachers to each pupil, with special reference to his 
talentB and the state of his education.* 
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AND Ohio Tbcbnolociical School CiscuLAit. 

WHAT TO KBAD. 
I) Ohio Emplotes' Frbb Circulatino Libraet. 



This list is intended to suggest books that niav be rend with interest and proGt 
hj the students of the Technological School during the summer mnnl.hs. 
Other employes maf , however, use the list to good advantage iu choosing books 
for themselves and their families. 

It is desired that all apprentices in the school should report, when the school 
opens in the tall, how many and what books they have reiul. 

It inay require an effort to become interested in some of the books named on 
this list, but they will, any ot them, amply rep&y a carcfut and thoughtful read- 
ing, while the effort and application that am required will constitute a 
wholesome niental discipline. The best way lo become interested in a book that 
at first seems dry is to read some in it every day, IT, however, after giving 
it several days' trial you fail to get interested in it, you had better return it 
and draw another lK>ok ; but be sure not to give up t>io soon. 

The best way to_ proHt by what one reads is to read little at a time, but to 
read often and think much. It is aa excellent plan to take notes of what you 

BOOKS OF HECBAnO ARTS iSD TRADES. 

Looomoti ve- Engine Driving ; Model Locomotive Engineer; Locomotive-Engine 
Running : The Locomotive Kngine ; Catechism ot the Locomotive ; American 
Locomotive Engines; Hand Book ot the Locomotive; Praotical Steam Engi- 
neer's Guide; The Steam Eng^ine; Calechisni ot the Steam Engine: Steam 
Boiler Explosions; The Boiler Maker; Use and Abuse ot the Steam Boiler; 
Pattern Itlaker's Assistant; Mechanic's Tool Book; Workshop Manipuktioiis; 
Brass Pounder's Manual; Manual of Wood Carving; Wood Working 'roots; 
Complete Practical Machinist; The Young Mechanic; Slide Valvo and Link 
Motion ; Koad Master's Assistant ; Electro Alagtiets ; Dynamo-Electro Machinery. 

BOOKS OP IKTBNTION, 

Great Facts, a Popular History ot the Most Kemarkable Inventions; Indns- 
trial Biography : Iron Workers and Tool Makers, by Smiles ; Ediaon and His 
Inventions ; Lite ot Ricliard Trevithick, with an Account of tlis Inventions ; 
Growth of the Steam Engine, 

BOORS OK SCIKKCE. 

How Plants Grow ; Cook's New Chemistry ; Wonders ot Science ; or, Young 
Humphrey Davj ; Manual of Assaying ; Forms ot Water ; Faraday as a Dis- 
coverer; The World's Foundations ; Geological Sketches; Lessons in Physics; 
Telegraphy in Theory and in Practice ; Liglit and Electricity ; Wonders of 
lillectricity ; Lessons in Electricity ; Earth and Man ; Volcanoes ; Health and 
Good Living ; Oistory of a Mouthful of Bread ; The Art of Prolonging Life. 

Note. — Similar lists on History, Biography, Travels, etc., etc., have been 
furnished scholars from time to time. 



luooo in^^ Last year, as a rule, we had to compel boys to take up 
uirocLioQ. algebra and geometry ; at this time many are promising 
promptness, regularity and other inducements to secure 
admission to those classes, and a number have become so 
. urgent for higher science and mechanical studies (which 
the limited appropriation now at our disposal prevents us 
from inaugurating) as to create some embarrassment on 
our part, and some discontent on theirs,* 

Many of these boys regularly spend their noons study- 
ing works in science and mechanics, going from shop to 
shop and from machine to machine, studying the princi- 
ples involved in their construction and operation. Every 

EIBmlllR- ^ . 

Jf^^^j^jj, examination for apprentices brings in a better class of ap- 
'''*' plicauts ; as the result of which the standard upon which 

admission to the service is predicated is being gradually 
raised, 

I have used this home illustration to show that, while it 
is true you cannot force a boy to learn (for education is a 
growth that comes from within, and no amount of compul- 
sion or outward pressure can directly force profitable 
iiBotonm- results), yet, where instruction is intelligently conducted, 
aplu^nuceB voluntary interest on the part of scholars and speedy 
improvement are almost sure to follow. The rapid ad- 
vancement of the apprentice class at Mt. Clare, in point of 

*ThiH is partly due tothofact that the classeainmechaniesandphysicsare very 
interesting, and many apprentices who were not allowed to enter them until they 
acquired a certain perfection in algtibra and geometry, have been promised 
Technical and scientific clasE-instraction next year if thej achieTe that proficiency. 
We have had do trouble in interesting boys in drawing, because they, in com- 
mon with other workmen and the foremen at Mt. Clare, recognize its direct help 
in their trades, and a strong sentiment at Mt. Clare has always favored that 
department of the school. The sanve sentiment is just es strongly against the 
teuohiiig of mathematies, pure science, etc., doubtless because the direct infiu- 
enoe of such studies upon their interests is not perceived. When, however, 
mathematical and scientific studies are associated with class-instruction in such 
technical snbjeets asthe loconiotire engine, steam, workshop appliances, methorBs 
of working iron and steel, and kindreJ subjects, an immediate interest and appre- 
ciation is developed. 
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ability and willingnesa to sacrifice pleasure to strict appli- 
cation to study, is very marked, and sufficiently proves the 
foregoing assertion. This instruction, though more general 
and less connected than would be desirable under a per- 
manent organizatiou, has, in a marked degree, promoted a 
sentiment of regard for and interest in knowledge of the 
principles upon which mechanical work is based. Many 
who previously were content to know how to do things, are 
now inquiring into the reasons for what they are doing. 

It is not, however, to be understood that the foregoing 
statements apply to all the apprentices who were in our 
service in Baltimore at the inauguration of instruction at 
Mt. Clare, or that the present classes are wholly composed 
of such apprentices. Of those boys examined under your 
order of January 15, 1885, onlj' 40 were found amenable pre"ii[* 
to school-discipline and sufficiently grounded in the common r'me m 
English branches to justify the hope that, with such 
further academic training as our facilities afforded, they 
could profit by the proposed technical course to the extent 
of even qualifying themselves for graduation as mechanics ; 
while, as aforesaid, not one of thia large class of appren- 
tices possessed sufficient elementary knowledge to permit 
of his entering upon the higher studies necessary to qualify 
him for an officer's position in the service. It being 
thus manifested that we had no material from which to 
manufacture efficient officers, nor were likely to acquire 
any under the then existing system, a general order was, ^ 
at my instance, issued by the General Manager, promul- ^f "„'|^'^^ 
gating regulations for the future admission of apprentices, 
and prescribing the minimum qualifications of candidates ; 
.which, while neither onerous nor of a high grade, pro- 
vided a sufficient foundation for the technical instruction 
necessary to make a fairly educated mechanic. In the 
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all same general order (which had your personal approval) 
the linea upon which it was then and is still proposed to 
conduct the educational work at Mt. Clare were defined in 
general terms, though no provision has ever been made for 
commencing the higher instruction therein contemplated. 
This general order is quoted in Exhibit U. While, owing 
to the exigencies of the service, it has not always been 
found expedient to reject all applicants for apprenticeship 
who failed to pass satisfactorily the preliminary examina- 
tion, all recently appointed at Mt. Clare have been sub- 
jected to this ordeal ; the result being that the new ap- 
pointees are far more intelligent, better educated and 
generally come from a better class than perhaps hod ever 
before been admitted to your shops. For the reasons abovaj 
given, this course has been almost prohibitory to the sons 
of old employes, only 32 of whom, out of a total of 95, have 
passed the examinations since March, 1885, The immediate 
effect of this is that our employes are beginning to realize 
that the present is to be a permanent policy, and under this 
stimulating knowledge they are much more generally than 
formerly compelling their sons to attend school. As afore- 
said, the mere public announcement of the proposed tech- 
nological school at Mt. Clare attracted to our monthly 
examinations a very superior class of young men, many 
of whom, having entered under the apprentice regulatiooSf 
are now prepared for the cadet course as soon as it is 
inaugurated. 

,ta The capacity and the elementary knowledge possessed; 
by the individual members of a large class of boys collected' 
under such varying conditions as those narrated above,.' 
differs very greatly in degree, and it therefore became 
a serious problem how to arrange their studies so as to 
bring them under general class-instruction. It was clearly 
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futile to expect any material adva-ncement in scholastic or Aiwrnnt to in. 
technical knowledge of the mass of apprentices then in the orgMiyTtiB' Mpim 
service, and yet where no much material was going to waste '^''("'li 
it was our evident duty to attempt to enhance its ultimate 
value to the company ; therefore, the course of instruction 
was framed with special reference to its practical utility in, 
first, advancing the entire force of apprentices within 
reach of its influence in their several mechanical pursuits; 
secondly, in advancing the theoretical instruction (as 
far as might be practicable with the limited means at 
hand) of such apprentices as past examinations had shown 
to be possessed of sufficient common-school education to 
justify the hope that, without additional school-training in 
academic branches, they could be educated to the standard 
of good officers or. at least, of first-class mechanics; and 
thirdly, in giving such special instruction of a higher 
character, as our means afforded, to those who, entering the 
service under the new order of things, were found suf- 
ficiently advanced to receive it with profit. 

It was deemed of paramount importance that, so far as 
might be practicable, the work of the school should have ,)|„„„^,„,- 
a direct bearing upon, and an immediate connection with,;ijj^™',|,^'p";il°^ 
the various duties in the shops with which those under jn. '"""'"'""■ 
struction were or might be charged. Realizing how 
materially the value even of an otherwise uneducated 
mechanic is augmented by facility in making and readin;^ 
working drawings, an effort was made to give systematic 
instruction in drawing to as many apprentices as our limited 
number of teachers and small class-space pormitte'l. I 
have already reportefl that this part of the teacluniJC was 
well received and has been measurably Huccessfiil ; about 
60 boys taking two drawing lesBons eiwih week, agK<''^p'i'Hn|;; 
eight or nine lessons per month ; and this nlonu cannot 
fail to increase their asefulDecNi to the Company. 
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It was a simple matter to provide for auch academic 
instruction as it was deemed expedient to give ajsprenticea, 
and also for the examination of those wishing to enter the 
service, but very difficult to devise a satisfiictory yet 
efficient plan of shop-instruction which, while bearing 

m-directly upon the apprentices' daily duties, should not 
conflict therewith. As the result of repeated conferences 
with the General Manager and the heads of mechanical 
departments, a series ofregulationa was formulated, defining 
the jurisdiction of the technological instructor and the shop 
authorities respectively over apprentices, and promulgated 
by the General Manager (Exhibit V). This order was 
measurably effective, though, as was to be expected from 
a dual authority, opposition was engendered, and the in- 
structors have not received such cordial support from some 
of those immediately in charge of the mechanical opera- 
tions of the shops as would have made their labors 
effective in the highest posaible degree. If you conclude 
to continue technological instruction at Mt, Clare, this 
phase of the subject will need further careful considera- 
tion and revision. 

It is not an easy task to present novel educational 
methods through the medium of reports which cover a 
limited experience; while many beneficial and potent 
results cannot be shown at all by such means. In fact, 
though we see that education affects people morally, 
mentally and physically, and that where intelligence 
abounds there are prosperity, general contentment and 
happiness, — while superstition, perversity and dissipation 

"■ are the handmaidens of ignorance, — it is one of those in- 
tangible things which, though potent in results, is not to 
be measured by any material standard. Still it is very 
necessary that you and others who may be called upon. 
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to consider the expediency of continuing and enlarging 
this instruction, should thoroughly understand what has 
been accomplished by the expenditure already made, and 
perhaps I cannot give you this information more accur- 
ately than by referring to the reports of the several in- 
structors, covering the entire period of instruction at Mt. 
Clare, and they are accordingly appended to this report as 
Exhibit W. 

I think the facts shown in that Exhibit and in Exhibits 
U and V will convince you, or any other fair-minded man, 
that, despite the difficulties inherent in the undertaking 
itself; the misunderstandings and, in aome cases, the out- 
spoken opposition of some of our shop officials, and the 
educational deficiencies of the boys who were first brought 
under school-discipline, much absolute good has been 
accomplished by the tentative instruction at Mt. Clare, ^ , 

and that your appropriation has been well expended, with^^'J^'f^.^S'jpeD 
substantial benefit to the service. Had the school re- 
ceived that hearty co-operation and encouragement it 
deserved, the results would have been more tangible 
and far more valuable ; but quite enough is set forth in 
these reports to prove, without the aid of testimony or the 
cogent arguments cited in the preceding pages, that this 
plan of technological instruction would, if elaborated and 
permanently established, be productive of economic re- 
sults. 

Your attention is especially invited to the dozen draw- 
ings accompanying this report, which are the work of 
regular apprentices, all of whom, with one or two excep- 
tions, have entered the service since the school com- 
menced, and most of whom are apprentices of less than a 
year's service. They show something of the work of 
one department only, but are by no means exceptional in 
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their excellence. The results of our instruction in science 
and roechanics, and in other branches, though less tan- 
gible, are equally as great ; the former especially having 
developed habits of thought, observation, inquiry and 
definite expression that far surpass what I had supposed 
possible under prevailing conditions. 

Of course much remains to be thought out and experi- 
mentally applied before an harmonious practical curriculum 
for a technological railroad school can be perfected ; but 
any further money appropriated in this connection will, pro- 
portionately, be much more remunerative in valuable 
results than what has already been expended, and the 
experience gained by our teachers iviU enable them, here- 
after, to avoid many mistakes and to master many diffi- 
culties that to the novice might seem insurmountable. It 
is also to be borne in mind that the preliminary work 
already performed in the Mt. Clare School haa largely been 
original (for the experience of neither our universities, 
colleges nor technical schools could be of much service to 
■objemua in combining school and shop-instruction). There were 
really no precedents to guide us in shaping a course of 
instruction for railroad shops; for while in Europe there 
are numerous technological schools, most of them bear on 
industries of a diflFerent type from railroading, and even the 
few that are directly connected with railway corporations 
have been in operation only a short time and are formu- 
lated on foreign methods and necessities, and their courses 
of study could not effectively be introduced in this country. 
It is, therefore, gratifying to be able to state that several 
well-known and experienced scientists and educators have 
expressed the view that, in many respects, the Mt. Clare 
School is successfully working out problems in the line 
of connecting shop-work and school-instruction, and the 
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direct application of the latter to the former, that no 
attempta had previoHsly been made to solve. 

As might naturally be supposed, the shop and claas- 
instructioa of the apprentices at Mt. Clare during the past 
twenty months has afforded us not only an insight into the 
methods of administration and pra,ctice of those works, but m 
also a full realization of the difficulties which will be™' 
encountered in planting a permanent system of techno-^"" 
logical instruction in the Baltimore and Ohio service. In 
this experimental work our teachers have acquired pecu- 
liarly valuable experience and knowledge of the lines 
upon which that instruction, to be successful, must be 
conducted. This knowledge is unrecorded, and, were it 
certain you would continue this educational work, might 
profitably be incorporated in this report; but it can 
speedily be formulated upon call, and I therefore close 
this particular branch of the subject with some general 
considerations. 

What has been said in general terms as to the method 
of educating apprentices in the Mt. Clare shops applies 
with equal force to our entire mechanical department. 
The old system of indenture in this country involved a 
definite responsibility on the part of the employer for the 
skill of the boys who graduated from his shops, which 
in fact has long ceased to exist, and, generally speaking, 
all that remains of the apprentice system of former days 
is an erroneous assumption in the public mind that, 
at the expiration of four years' service as a so-called 
apprentice, a boy possesses the skill and is entitled to , 
the compensation of a journeyman. So far as the Balti-cJ 
more and Ohio Railroad is concerned, the observations of'"' 
sis years convince me that this term "apprentice" is an 
entire misnomer as applied to the boys in our shops, who 
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can only be classified as "helpers" and "laborers"; for tbey , 
do not receive such instruction as is necessary to make them 
intelligent mechanics, and though, from the nature of their 
work, they neceaaarily, ia four years' service, acquire a 
certain amount of manual dexterity, few of them have, 
at the expiration of that term, attained to such a degree of 1 
expertness and general knowledge of the several branches 
of their trades as would justify a great corporation certi- 
fying them to the world as skilled workmen.* 

Much of the light and low-grade work in the manufac- 
turing and repair shops of a railroad can be economically 
and successfully performed by uneducated boys and, in an 
' emergency, much of the current work of such shops could 
temporarily be undertaken by them. But mere expertnesB I 
in running a few machines (which may be acquired by ' 
mere repetition), even when supplemented by manual dex- 
terity in some branches of a trade, does not take such help 
out of the category of uneducated labor. Helpers and 
laborers only tbey are, and helpers and laborers they will 
remain to the end of the chapter, under the system of 
handling apprentices now in vogue in our sliops. Indeed I 
understand that no difference in pay is maintained in our 
Mt. Clare shops between "'helpers" and apprentices. Of 
course I know that it would be unwise, in the present con- ■ 
dition of the labor market from which this Company draws I 
its supply, to reject the services of every mechanic who did 
not come up to a high standard, but nevertheless the Com- 
pany loses money by employing such people, and should at 

'"Investigations in the shops, by conversation and observntian, have de- 
veloped the fuct that manf bojs or young men had completed or near) j com- 
Sletod their apprenticeahip in the machine-shops without boidg able to tell the 
iflerence between cast and wrought iron ; without knowing wliether steel is a 
uative or niBnutoctured product, and equally ignorant of many other simple, J 
though important and si^iflcant, facts which are intimately related to their ] 
trades. "~[ Vide Rtport Teeh. Hehool Prineipal, Ex. If,] 
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least make a well-defined diatinction between the pay and 
rating of a properly educatt^d artisan and of one whose only 
qualification is manual skill. In order to secure substan- 
tial improvement in our mechanical service there must be 
a point of departure, and I think you will find none better 
than that here indicated. 

To make a practical application of this view, I submit 
that no young man, whatever his length of service with 
the Company may have been, should receive the designa- 
tion or the pay of a journeyman, until it is demonstrated "oq" "» 
by examinations, aa well as by actual work, that he pos-""""'" 
sesses the theoretical knowledge as well as the manual 
dexterity which in advanced mechanical centres is accepted 
as the standard of a skilled artisan. Also that the rule 
which requires all boys applying for service at Mt. Clare 
to pass an examination equivalent in grade to that which 
admits boys to our intermediate schools (or at the maxi- 
mum to our grammar schools), shall be continued and 
extended over our entire system ; that where the exi- 
gencies of the service require the employment of a larger 
number of boys than can be found qjialified for this 
examination, all applicants shall nevertheless be examined 
and their status and permanency in the service thus deter- 
mined. In other words, that all boys found lacking in the 
prescribed mental qualifications, but whose services are 
needed, shall be rated as helpers or laborers, on a pro- 
gressively lower scale of wages than apprentices of same 
length of service receive; that while the sons of our em- 
ployes shall still have the preference of appointraentj when 
their education is ascertained by an examination to equal 
that of their competitora — and not otherwise, after admis- 
sion their examination and scholastic records shall determine 
their advancement, or retention, should a reduction of force 
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Occur. The present form of indenture of apprentices shouli 
be "modified to accord with General Oi-der No. 5 of January 
15, 1885, General Manager's Office, and by further pro- 
visions that no apprentice shall be entitled to additional 
wages at the expiration of each year's service, until he 
has passed the annual academic examinations of his grade; 
that no apprentice shall be rated or paid as a joumeymaa 
until, in addition to completing the usual shop-course, he 
obtains a certificate of graduation from the joiimeyman's 
course of school-studies. The wisdom of such provisiona 
is too patent to need illustration. 

In this connection, it is important to recall to your 
68 iiaaira. mind what has been said about employing the graduates 
matftu'!' of technological institutes in railway service, because 
iiiroad jT^^i jjg^g a^ material bearing upon the proposition to estab- 
lish a school devoted exclusively to the education of 
railway oflBcers and apprentices. At the present moment 
especially, our system is undergoing a reorganization, and in 
many respects a development, that offers an exceptionally 
favorable opportunity to supplement the practical experi- 
ence and technical knowledge of those subordinate officers 
charged with the details of our transportation, mechanical 
and road departments, with modem practice as taught in 
our beat technological schools. By this I mean that the se- 
lection of a limited number of technological-school graduate* 
for special instruction in the cadet course above outlined 
would, at a comparatively early date, provide the service 
with assistant foremen, supervisors, etc., who would elevate 
and educate those immediately above and surrounding them, 
while the conservatism of their superior officers would neu- 
tralize their inexperience in technical details, temper their 
zeal, and reduce their theories to practical applications serv- 
iceable to the Compaay, While, for the reasons already 
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Btatecl, it is believed the appointment of technological 
graduates to positions of responaibility in railway serv- 
ice would not prove as satisfactory as the policy of 
BBCuring boys well grounded in elementary studies and 
then educating them as specialists in railway theory and 
practice, there ia much that can be urged in favor of 
their appointment as cadets, as combining the elements of 
economy and immediate results which, in our present situa- 
tion, commends that course to your favorable coDsideration. 
This report contains conclusive testimony as to the facility 
and rapidity with which intelligent technological scholars 
absorb and assimilate a practical knowledge of the trades 
and professions with which they become associated, and 
I think no one who has read it would doubt that this plan 
would at least yield a profitable return, through the 
elevation of the personnel of the service and the intro- 
duction of scientific and modem mechanical processes to 
our practice. 

To reinforce this view, let me ask you to reflect upon 
the results that would surely follow the assignment tOg^Jl^^g" 
each of our Mt. Clare shops, after some specific instruc-TbiBBiIbl 
tion in railroad matters, of one or more assistant fore- 
men, selected from the higher graduates of our best 
luechauical schools. You cannot fail to realize that 
auch a policy would soon produce a revolution in the 
Social status and in the practical mechanical operations of 
those shops which would greatly advantage the service 
generally. Another result would be that this corps of 
assistant foremen and supervisors, who would soon acquire 
jjractical experience and the theories of economy which 
form the groundwork of your administration, would furnish 
j ust the talent now needed for teaching the younger 
element of the service — i. e. teachers combining theoretical 
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and technical knowledge with such experience as won! 
give them an appreciation of the lines of instruction that 
would yield the most practical and economic results. 

General Order No. o, of January 15. 1885 (Exhibit U), 
though purposely made general and tentative in character, 
in order that we might profit hy future experience, still 
very well expreasee my judgment as to the lines upon 
which the proposed educational work should be conducted^ 

The plan outlined in that order contemplates : 

1, Instruction (in the apprentice class, of such boys 
now in or hereafter admitted to the service as can pass the 
examination therein indicated), of a character that will 
make them skilled and intelligent mechanics. Such ap- 
prentices as, in this course, developed a fair amount of 
ability and fidelity would, naturally, graduate into the 

™ second or Cadet class. This first class cour.'<e should, 
*■ however, provide within itself all the elements of technical 
instruction necessary to complete a journeyman's edu- 
cation. 

2, The Second or Cadet cotarse should also be complettt. 
within itself, and should provide such technical instructioit 
in all the departments of railway service as would fit its 
students for all subordinate positions of responsibility and 
trust in the service — corresponding to what is known in 
European schools as the foremen's course of study. This 
course, while involving more thorough and wider theo- 
retical instruction than the apprentice course, should, to 
the greatest extent possible, be framed with reference to 
the practical mechanical operations of the shops and of the- 
aervice generally. 

Unless very radical changes can be effected in the 
common-school methods practised in Baltimore, I nppre-. 
hend that a very small proportion of the apprentice class 
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will be able to take this higher instruction, and that we ,y*|}J'™^ * 
will have to look to the gradiiatefi of technological (indrt'Ifl 
science schools in, other sections of the country tliat donU 
afford industrial education to their citizens, for the material 
to constitute our cadet class. I look with regret upon this 
prospect, having a strong bias towards the development 
of local talent ; but in this connection public consideration*! 
must be made subservient to our corporate needs. The 
widespread interest developed outside of Baltimore in the 
technological work at Mount Clare, and the numerous 
applications for admission to that school from the graduates 
of technological and science schools and others of <'(|ual 
mental discipline, give full assurance of an unlimited 
source of supply, and that this claBs will not only provide 
giibordinate officers in aufficieot numljers to meet the 
utmost demands of the service, but alwj men whow) 
primary education will qualify them for Btill higVier 
positions. 

3, It willbetheobjectofthe TMrdorCadelOJPcers'/yruriifi 
to give to those who graduate with honor from the wcond 
class (and who have therein shown themwdves poK«e«jied 
of ability and educational qualifications above the average) 
further technical training, of a atill higher and more wim* 
prehensive type, which, when combined with familiarity 
with the operations of the various departmentH iif the ,^J|J"^„'J'^"''' 
service, will go far towards qualifying the students of ihtitZ'^X^ffT' 
course for the highest positions in the Company's gift.' 
To this end, opportunity should }x: afforded the jnipiln of 
this coarse, in its lart year, to actively pHrf.iei(7ftte in the 
production, care, repair and improvement of railway plant 
and in the practical operatifmM of the Rervice, 'I'hin f/nrld 
readily be done — and with a/lvantage to thn (iervic« alfto — 
by diatributlDg these atudeotn amtjng tb« severni depnrt- 
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ments aa assistants — at the same time maintaining 
connection with the school for further educational pur- 
poses. I have already shown how such an infusion of 
new blood into our mechanical and operative departments 
would inure to the henefit of the Company. 

In the apprentice course, school-instruction should be 
made secondary to shop-work, while in the higher courses 
shop-work should always be secondary to mental training. 
Although the foregoing relates especially to instruction 
in Baltimore, the plan has been drafted in a more general 
sense, and contemplates the gradual extension of this 
educational movement over our entire system. While 

™ Baltimore will always be the centre of such a movement, 
I apprehend no great d ifficulty in extending the apprentice 
course, at least, over the entire road, by establishing 
night-schools for drawing, mathematics, and elementary 
science, or securing the introduction of our boys into such 
schools as are already in operation, and the modification 
of their curriculum in the manner indicated. A cheap 
provision for such elementary instruction can be made by 
gradually transferring the young graduates from the Mt 
Clare School to our divisional repair shops as assistants, 
and requiring them to take charge of these night-schools, 
and of the shop-instruction and supervision of apprentices, 
under a similar plan to that now in force at Mt. Clare — 
with, of course, such modifications as local differences and 
experience may suggest as desirable. 

The statement in Mr. Coler's report (Exhibit W) that 

II not one of tive hundred apprentices examined in and out 
of Baltimore was able to pass a very simple examination, 
gives great force to hia recommendation that the present 
system of a preliminary examination as 
apprenticeship (which has been in operation 
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for the past two years) shall be enforced in all the shops 
of our service. This preliminary examination has worked 
admirably and, if enforced throughout the service, will 
secure a class of workmen of greater intelligence than now 
operate your shops ; and lead to improvements in machin- 
ery, economical methods of labor and avoidance of accidents. 
Even though you may not finally determine to inaugurate 
the educational work herein proposed, this system of 
preliminary examination should be maintained and ex- 
tended as a condition of apprenticeship. 



In the course of my investigation of this subject I have 
accumulated a large mass of data relating to the organiza- 
tion, management and results of technological and science 
schools, which it is not necessary to incorporate in this 
report, but which would be of material assistance should the 
Baltimore and Ohio Company decide to convert the present 
experimental teaching at Mt. Clare into a permanent 
bureau or department for educating officers and skilled 
artisans for ita service. In the event of favorable action on XcSlecS^-"^' 
upon this school- question, I would recommend that be^comuie'pd! 
the details of organization, the preparation of courses 
of study, etc., be entrusted to a commission ; some of 
whose members should be the most experienced and 
successful educators that can be found in the techno- 
logical field, while others should not only have a wide 
mechanical knowledge, combined with practical experience 
in the application of mechanics to those industries con- 
nected with railway service, but should likewise be thor- 
oughly conversant with the methods and requirements of 
that service as conducted in this country/. Such expert 
talent can be had and, if the subj ect is to be pursued at 
all, ita importance demands that no pains or reasonable 
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expense should be spared in getting a right start. Indeed 
the ultimate Buccess of such a measure would mainly de- 
pend upon the wisdom and discretion of those who planned 
its details. Such a commission (aided by the local and 
technical knowledge of intelligent representatives of our 
administrative and operating departments, and by the 
experience of the teachers at Mt. Clare, which, in this 
connection, would be invaluable) ; performing its labors 
with courage, yet caution; realizing that the value and 
therefore the life of such a school depended altogether upon 
its usefulness in increasing the efficiency and economy of 
railroad operations, could, I doubt not, devise a system of 
instruction that would accomplish fully as great practical 
results as have ever been achieved in the field of industrial 
education.* 

The great aim of the Mt. Clare School, if it ie to be 
maintained, should be a combination of theory and practice, 
by the daily application, in the workshop, of the theoretical 
instruction received in the school-room. I cannot impress 
„ upon you too strongly the impracticability of attempting to 
teach trades, or to fit youth for the practical work of life 
by such theoretical instruction and casual practice as are 
given in most of our so-called trade schools. Our Mt. Clare 
classes in physics and mechanics are now taught to apply 
principles for themselves, so far as time and apparatus will 
permit, somewhat after the order of the common-school 
instruction practised on the Continent, and described by 

• Dr. Hall, o( tlie Hopkins University, in response to a request of one of onr 
teachers tor advice on tne subject of a suitable course ol study for Mt, Clar« 
apprentices, said in substance that the subject involved one of the hardest and 
most peculiar questions Id education ; that to formulate such a course would not 
only require au intimate knowledge of the wanti) of the Company and of the 
service of its rarious shops, as well tts of the work and results of the leading 
industrial schools of the country, but would also take at least six months of bis 
undivided time. I cite this statement of one of our most experienced educators 
jneroly to show that the subject is one of great compleiity, that cannot be safelj 
entrusted to any but the learned and experienced. 
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Matthew Arnold in the October number of the Century, 
and this practice has given satisfactory results, though not 
such as would have been secured by a cordial co-operation 
between the shop authorities and the school instructors. 
If the school is reorganized with more space and apparatus, 
and on a practical plan of supplementing class-instruction 
with work in the shop, or, more properly speaking, of 
systematically adapting school instruction to the current 
work of the shops, you will soon see a marked improve- 
ment in the mechanical operations of those shops. 
■ I have gone into this matter at length, because it is 
important you should fully realize that our great want is the 
technical education of our people; that to educate for railroad 
work, even the hest course of technical study must he supple- 
mented with practical instruction in the workshop and in 
the administrative and operative offices, and that no tech- 
nical course for railroad people could profitably be con- 
ducted in any school without immediate access to workshops 
and plant in all phases of operation, construction and main- 
tenance ; that, in its corporate interests, the Baltimore and j,' 
Ohio Company could well afford to provide this practical ai'Mi^"""'^"™"' 
knowledge and a certain amount of school-instruction, upon 
the plans outlined in connection with the Mt. Clare works ; 
hut while that plan contemplates a selection of studies 
from the different engineering courses in connection with 
other subjects that bear directly upon railroad interests, 
this company cannot be expected to take the place of our 
colleges and universities in developing special aptitudes. 

I have elsewhere (pp. 77-87) alluded to the material 
influence which the Johns Hopkins University should 
— but does not — exert upon our service. I have also 
shown how the vital interests of the former are involved 
in the prosperity of the latter, and have referred at 
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joS^Hopktoa'" l^Dgtli to the intimate relations existing between the" 
o^tto^^ndwhaut Johns Hopkios UniverBity and this Company. Had that ] 
MMMuiii^odu™- intimate connection not existed, I should not have felt j 
J uetified in cnticising, in this report, the pobcy and methods ] 
of its management; but as that association does exist in/act, 1 
and as I consider the objects this report is intended to sub- i 
serve are — in a reflex sense — as vital to the Hopkins Univer- 
eity as to the railroad itself, I have felt as free to comment ] 
upon its methods as upoa our own. The prime need of the 1 
University is the greatest attainable income from its endow- 
ment compatible with security. The greater portion of its 1 
capital being invested in Baltimore and Ohio securities, itia | 
fair to assume that the first desire of its trustees is the per- 
manency and commercial success of that road. The great 
influence of technical education upon the prosperity and 
net earning capacity of industrial corporations (among 
which must be classed the Baltimore and Ohio) is so clearly 
and unquestionably shown in this report, as is also the low 
educational standard of the community from which this i 
service draws its main supply of labor, that it seems only j 
necessary' to point out the relations which these interests 
bear to each other and the need that exists for the aid 
• which the University could so effectively give, to secure 
the hearty approval and co-operation of its trustees and 
faculty in judicious efforts to elevate our service. They 
are eminently qualified to appreciate the value of intelli- 
gent and scientific methods, and I need hardly point out ' 
that, as it is very doubtful if the University could get a 
better investment for its endowment than that it now holds 
in our securities, the best way to make their endowment 
highly remunerative and permanently secure is to follow 
the lines herein indicated, and that any expenditure or 
sacrifice they might make in this connection would be a 
wise insurance of their capital against depreciation. 
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From an outside point of view, it would seem as though 
so large a shareholder in the Baltimore and Ohio Company 
should take a more lively interest in the affairs oi' that 
corporation than it has done, and that pride, no less than 
self-interest, should prompt It to supplement our eflbrts by 
remodeling its curriculum so as to afford better facilities to 
the general public of Baltimore, and especially to those hi 
our service who may develop a capacity for higher instruc- 
tion than wUl be obtainable under the proposed Baltimore 
and Ohio program; which, while providing a very sub- 
stantial foundation, cannot uadertake to give advanced 
instruction in engineering and other higher branches of 
scientific and mechanical knowledge.* Certainly neither 
this community nor our country at large would be the 
losers if, in order to inaugurate such a course, it was found 
even necessary to curtail its present program, which is 
currently recognized as aiming to devote the University U» 
original research and to finishing (in its highest sense) the 
■education of the graduates of our other universities. 

In conclusion, I beg to say that, while of course 1 de- 
sired and earnestly endeavored to obtain the most practical 

'That a railroad companf as gnch nould not be justiSed in TurniHiiing meaitii 
for such an exteoaive course ts would accompiish all the c.bjecCs herein viewetl, 
and that. viLhout pulilic or private assistunce, its eSons miut at be&t be devoUd 
to affording thorough iastructjon in those ehmtndtry branches which will ^re 
the most practical and immediate return to the radlroad, is miule patent bf ih« 
following considerations : 

Engineering, though important, is only a part o( what miut be tanght in a 
course intended to fullj qoalifjr joung men fur the higher walks of raitrniul life, 
and jet to provide the necessary building)), apiiaratos and a 00Tp« of suitable 
inatruciora to teach tliat branch alone, in its advaucad stages, would require • 
TBry considerable annual approtiriatjon. 

In Cornell, as I ani intormed, tlie (acult; of ciril engiaeetiag akne inclndo 
nine teachers, while Stevens Institute, which provides onir for a course in 
Mechanical Engineerina. has a corps of twelve teachers, and Bensselarr Palf- 
tecbnic Instltnie. Troy, N. Y., provides a corps of nineteen teachervforadraoced 
instruction onlf in Civil EngiKtcriitg — the condition* of adniisrim retjoimg 
students to be well grounded in elementary studies. Trucanrneofthe tnftnietors 
in Cornell teach in other departments, iiut then the students of eogiDeeriRg gM 
part of tbeir instruction in allied departmenta. A coarse in anjr one kind at 
engiDeenng would require tbe foil time of at least six leaehers. To secure trtt- 
oluB men for these podtions would neceMilste m large apcnditnFe. 
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ja"S« "iTiwb"" ^®^''^*^ ^^'' *^^ Company, in return for its expenditures, 
a^mpi^'es™!* your order of January 15, 1885, had, to my mind, a much 
ti?nto"^ne™™u- greater significance than attached to a course of mere 
experimental instruction of ignorant apprentices. I clearly 
realized that this attempt to influence the methods and 
practices of a great industry, by carrying systematic mental 
instruction into its workshops, was really inviting a public 
determination of the question whether or not systematic 
technological instruction, under corporate auspices (and 
Uierefore under the most/avdrahle conditions] was practicable ; 
and if practicable, economical and otherwise desirable. If 
an experiment, conducted as this was to be, under the 
supervision and control of a great corporation, whose 
wealth, thorough organization, commercial, manufacturing 
and transportation operations and interests, combined with 
its well-known desire to elevate its employes, failed of suc- 
cess, no other railroad or other large industrial corporation 
would be likely, in the near future, to renew the attempt 
to graft upon our democratic institutions the system of 
technological instruction pursued abroad with material 
advantage to all concerned. 

Another consideration which gave me great concern iii] 
this connection was that the program announced in youif' 
order was substantially novel in this country, both in respect 
otimir'Sf ™5l- to educational and industrial practices, in that it contem- 
ij plated, on the one haod, reversing the present steady ten- 
dency of our technological and science schools towards the 
theoretical rather than the practical in mechanical and 
kindred studies, while, on the other hand, it proposed making 
school-instruction directly supplemental to the usual shop* 
work of apprentices and others — professedly for the purpose 
of elevating and diverting the mechanical and other 
operations of a great corporation from obsolete to modem 
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practice — a plan that, so far as I am able to learn, has never 
before been practically attempted in this country. The idea 
of Buch a school is just aa new in the line of school-work and 
education as railroading wag in the line of transportation 
fifty years ago. If, under this program, it could be clearly 
demonstrated that a bureau or department established for 
the specific education of railroad officers and artisans 
to a liigher than the current professional standard was 
really a practicable and economic adjunct to the opera- 
tive, administrative and executive departments of American 
railwaya, it would not be extravagant to hope for 
a general industrial educational movement, not only on 
behalf of the half million men engaged in railroading, 
but such an one as haa been vigorously advocated 
by a large number of our wisest citizens, irrespective of 
class and profession, as well as by intelligent workmen in 
various sections of the country [vide p. 65). A move-^ 
ment that, though originated by the potent agency of self- 
interest, would finally reach beyond all sordid considera- 
tions and result in improving the entire mass of our 
laboring population, and in elevating the United States 
more nearly to her proper rank among the industrial 
nations. 

Reference has previously been made to the analogy 
between railroading and our military and naval services. ■ 
An intimate acquaintance of many years with the details J^ 
of military organization and service, and a more general 
yet practical knowledge of the systems under which our 
navy and railroad properties are operated, has perhaps 
specially qualified me to appreciate what is common to 
them all, and I have been greatly impressed with the 
belief that the educational measures and methods which 
have made our military and naval oflBcera professionally 
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Bo efficient, would prove equally efficacious if applied, with 
necessary modificationB, to railroad service. 

In closing this report it is proper to express my sincere 
regret that my own want of experience and fitness for the 
task has necessitated the preparation of such a lengthy 
paper, in order to intelligently place before you information 
that others better qualified could have more clearly and suc- 
cinctly stated. On reviewing these pages, I observe that they 
bear evidences of spasmodic effort, and, in a certain sense, of 
evolution of thought, which is additional matter for regret; 
but the subject is of such a character as to demand for its 
satisfactory presentation a consecutive research and study 
■I which press of other and onerous duties altogether pre- 
cluded me from giving it. The same causes operated to 
prevent an earlier conclusion of my task. 

In thus relinquishing all further responsibility and con- 
nection with this very interesting but exacting subject, I 
desire to say that, in stating facts fearlessly and expressing 
my own views frankly, I have been governed solely by a 
desire to elevate the mnrah and efficiency of the Baltimore 
and Ohio Railroad and its allied interests and, incidentally, 
to advance the industrial education — and as a necessary 
consequence the material prosperity — of this community. 
Respectfully submitted : 

W. T. Baenard, 

Assistant to President. 
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Exhibit A. 

BlLTIHOKE & OBIO RAILROAD GOUPANY, 

Office of tbe PRESiDEN'r, 

Baltimore, January IS, ISBS. 

ExectiTiTE Orseh No. 6. — The inauguration ot a Baltimore and Ohio Trah- 
Tiok^cal School for the promotion o( a higher oourse of inBtruuLion for tho, B^ouilve 
ftpprentiees of this service than that now pursued, with headquarters at Mt. '"ouiitiohoi 
Qare, Baltimore, and oondooted under the superintendence of a board of saven «trudiioii m 
directors, appointed annually by the President of this Company, is unnouncBd. ^^"^■ 

Messbs. John K. Cowen, E. J. D. Cnose, Dr. Cbarleb M. Cresbon, Andrew 
Akdersoh, Dr. W. T. BAfiHAaD, Bkadford Dukoam and Chirlkh SituiitN are 
hereby appointed such directors for the calendar year 1885. 

The couree and method of instruction in its several departmenta, and the 
operations of the Technological School, shall he governed by regulations pre- 
scribed by its Board of Uireotors. 

In furtherance of the objects for which this school Is founded, and to secure 
uniformity and discrimination in the employment of apprenlicei In all depart- • 

ments, the General Manager will promulgate rules regulating their ap|>oijitmeiit 
and service. 

In the establishment of a technological school the Company affords the joutli 
in its employ opportunities forobtaining a liberal technical education farBUj«rior 
to those enjoyed by tlie eniployes of other raili'oads. The ezamiiiatlons pre- 
scribed in the course of the Technological School will be very thorough, and will 
require from the apprenl ice a close and perseyering tkttentlon to study, without 
evasion or slighting of any part of the course, as no relaxalion of anv IelikI cnn 
be made by the Board of EKaminers; and, as the Company will herwlter 
endeavor to advance the graduates of the Technologloal .School to positions of 
responsibility and trust in its service, only those wno demonstrate wllllngnora 
ana ability to qualify themselves for advoncenient will be retained. 

The Qeneral Manager will convene a Board of Examiners, consisting jointly 
of two medical eianiiners of the Belief Association md three instructors of the 
Technological School, whose duty it shall be to examine and olaisify all appren- 
tices now in service in accordance with the standard of qualiflcatlonl (jrpsoribnd 
in his Qeneral Order on the subject. This board will visit each station where 
apprentices are employed, and Qnally report, in writing, to the General Managnr 
the result of their labors. 

ROBERT GARRETT, frniiimU. 

Exhibit B. 

The Polytechnic School at Zurich, Switzerlond, is one of the largest and most 
SQOcessfnl of its kind. It was established in IBS*, and tfrt magniilfient building « zK, BwUm^ 
which it Dcenpies la one o( the leading features of Zurich. Itsoitlnensan justlf litnl. 

Srood of the noble edifice and of the great work acoomnllsbad by tha Kihtiol In 
eveloping their indoitries, attracting capital to tboir elty, attraotltig humlred* 
ofstodents, and sending forth trained specialjut* to all parl^ of thn world, and 
generally in improving the condition ot all nUsses <if aooletjr. 

This institution supports a large number and variety of faboratoriM, llbntrios, 
indnstrial museums, CO Uectioni of apparatus, and olijMtsof Mlentlfh) and urtlstlo 
interest, which of themselves eiert a wonderTuI ediicatlng Inflneno* iiuun tha 
tbonnnds of students that resort (o tham for Instruotlon ami tmlnlng. It 



nukes prorisioiiB tor more thus two hundnd distmat couran of lecturei, girsn \tj 

BS manf as sUtj difFerent ptotaasora, man; ol whom have a world-wide reputa- 
tion in thsir reapective departments ol aoience. These professora are Maisted in 
Riving instriiotion by numerous tutors, ouratorB ot museiuns, and otiier aervftats 
employed to assist in eiperimeiits and to take care ot the apparatua. 

Tl)e object ot tlie Bohool baa trom tbe first been to impart the greatest possible 
11 amount of acicutiSc instruction to the artisan olasses, and to direct thought and 
scientiflo research to the development of industrial arte and trade. In this way 
there have been brought about a mutual interchange of ideas between science, 
and the actual application of its principles to manufaotures, eto. The direct and 
iiidireat beneQts thus resulting to the industriea of Switzerland and Germany are 
nia, and the school receives the hearty support and indorsement of manu- 
re, menihantB, legislat<>rs, and the intelligent citizens in general of both 
es. In the moat successful tactoriea and commercial estabEishmeuts ot 
Switzerland and Southern Oernkany, and often in Prance, are found oibnagers. 
toremon and leading workmen who have received their education and preparatory 
training at tbe Zurich Poly teehoio University. These men have not only become 
esperta in their special departments, us a result of their training in this sohool, 
but they have learned to study the history, progress and present condition of the 
industries ot their own and other countries; and this knowledge is espeoiatly 
valuable to tliose whose establLshmenta and commercial intereata they condnct. 
Oftentimes proprietors ot large establishments are themselves graduates of thia 
school, and are thereby qualified to perform much e»oontive labor that would 
otherwise he entrusted to man whose services could be secured only by the pay- 
ment ol large salaries. 

But the influence of the Zurich Polytechnic School is not confined to Switzer- 
laud and Germany. The impetus that it gives to industrial pursuits is felt and 
acknowledged in more remote countriaa. Students come from all parts of the 
world to profit by the instructioQ it affords, and, haviug completed the prescribed 
course of stndy, return to their native conntries to enter upon careera of iodastrial 
labor in which they fully utilize their attainments. Last year six students from 
different parts of North America entered this school. The Eagliab Royal Com- 
missioners testify that in almost every country visited by them graduates of the 

Zurich School were found in the leadmg industrial ii— '"-*■"— * — ' 

s technical schools. 
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Exhibit O. 

The Technical High School at Munich is similar to the Zurich School. The 
^^ohnlcal High magnificent bviildings in which thia school is conducted were erected at a coat ot 
School at Uunlch, over $775,000, whilat the cost of its various collections esoeeded |180,000, and 
the annual expense ot maintaining the school is $100,000. This great institution 
waa founded and is operated with special reference to the higher education of 
the industrinl clnssea, and one of its notable features is the numerous subdivisions 
into which tbe various subjects taught are divided, each special branch of a 
subject l)eing taught by a separate professor, who, by limiting Ids investigations, 
is enabled to master every dettkil of his chosen specialty. Thus in the depart- 
ment of engineering forty-five distinct courses of lectures are eiven by thirteea 
professors. The scliool is well supplied with laboratories, in which all kinds of 
experiments are tried, the results ot wluoh are carefully tabulated by the 
students and recorded in their books. The students in the engineering branch 
determine the strains and modulus of elasticity of different substances, make 
numerous teats ot the various kinds of wood, stone and other building material, 
and carry on series ot investigations to ascertain constants, to veri^ tormulie, 
and to test the strength ot metals ot various sections, including experiments as 
to torsion, tension, compression, and the effects of long-continued c 
the fibre ot metal bars. 



This leEting labonUiry, besides hsTing &florded instrnclion U> hundreds of 
Aodmts since il ■»! foond^ in I96S, h&s beea lar^j utilized hy auraeroaa 
BMinfaManrs >nd boilderx in nil pkrts of Qemun;, who tRquentl; send 
matniftls tlwK to be «xuiuiied, tested, and repealed opon. 

SotwitiMMBdiRK tbe gnM t»f»atj ot this achoot in the waj of teachers, 
' ' ' ' , appuvtii? uid elasf-rooots, some of the Jep«r«nentE are over- 
nKudente seeking adnuKion are annually turned away. 



Exhibit D. 

In 1859 a weaiiag- scbod vas founded at Chemuiti, Soxtny, bj way of an ^^^Qi,^e« 
expenment in technica] education. Here pnetieal wearing has been taught Ibr uoa id cbemD 
•InuKtihirtjjeus. Mr. Felkin. vhowroteabooksiHne jearsagoon '■ Technical 9*n>nr- 
Bdnratinp in a Saxon Town," asgerted tliat -'the Bchool had bnn of great benefit 
to tlLB tikdeoftlw bnrn and distnct," and the Brilidi Bo^ CommiKioneTs, after 
iMTing TJMled llie adMnt*, ^ J that Mr. Felkm's staleineat is oorrotM>taled by man J 
inlliiTiitiil dtnens d Cbemnits with whom tbejr conrened, and add that there 
aw • gmteal eannuTenM at Uotimoaj in favor of Um adiool on the part of all 

I— iiiliii t I with whom they talked. Tbe cIb^es aie attended by merchants 

and dtetoibiitotB of gooda, and by Uie sons oit mannlactorers, as well as by 
mwiMa*! firemen, desgnos sod other workmeo. There is not a mauutacturing' 
ertabtnhment in the town that has not one or more men in its empkiy whose 
nainiBg was lecciTed in lbs Bduol. Of late ye&rs English students baTe been 
ttttimHing the rleirrtt. fasTiiie sdeeted this tehoid ■■ t& beet place to receive a 
[■^■'■'■gy tT«mingf.i>tii*fcj^ir»y SotBC en te rp dain e mannfaetuww frnm dts- 
toat dtMs haieKot tbeuDwiMgns totakeaeannsin the school at the e^ienae 
el the firm. A hading fcMore rf this sehool aanmla m its provirioas lor in- 

Kling merchants and salesmen in the qoalitT, deoign and materia] of teixtile 
I, so that they may be better able to buy intelligently, t? detecting faults 
■BperfectionE in the nature of the goods, by judging of the merits and de- 
ls of new designs. This feature of ^e school-work is sometimes of^weed by 
■aaitfactarers. 

tvgical haa been the suooess of the scbod at Cbemnitx that nnmerous other 
ttHvisK eehoo'a haTe hem estAhUsbed and modeled after it- Such schools are 
to be fiaond at Glanchan, Meenne, Iioe^nits. Oedeian, Milwerda, Bainicheu 
and Fnuibadieip, aD of whidi [daoes an adjacent to Chemniti, and where 
weaTiag n the {nincipal industry. 



SxUbit S. 

Tlie dtiwni of Bradford, England, a few yean ago organised a teehndogiaal 
edb^ a^jlad to the wante <S the prindpal indnstrieetf that nMUinfactoring BradioM (Xag.i 
centre^ TCe new baildtiigs were opened by the Prince of Wales in 18S9, Mid Teriuiokicteal 
thovgb the original plan has by no means been perfected, the net nf tlie boild- ^^~^ 
iogs and a[^iar>tus therein has alrcadj enxeded ^00,000. When eom[dete it 
wUl be one of the best institutions of its chancter in Enrofie. Coocaning this 
iBstittition the Boyal CommisMxierB ear: -The foraatioa of the college was 
the resnlt ct the prerailiiig feeling iu %he niinds of many of the OMomerrial 
at Braoford that, in the competition of the world's indostrifs, it has 
...jeand moreneedlul todemt^, to the fnllcet extent, the technical 
jetrf the employersandopentiresin the vanoosindiutriesou which the 
, jnty at ibe district depends. It was thereforv detennined that an insti- 
■ dioald be toooded in which instmictioo sbanld he gimi in the prindplee 
flying the nmneroos industries of the dty and Tjcinity." 



Exhibit F. 
The conclusions of the British Royal Commissioners, aa 
irituh Bajta Slimmed up in their report, though somewhat voluminous, 
are so thoroughly a digest of industrial development that 
they will certainly repay careful perusal in full by those 
interested in the subject ; but even the resume of their de- 
ductions embraced in the extracts herein quoted illustrates 
the value of the subject. 



• • • It will havebeenseentromtliepfeceding pages o( this report tl: 
attached coDsiderable relative importance to that pottion oi our commissioa 
1 which directed us to inquire into the condition of tadiiatrj in loreiga oountrlea; 



we were not prepared for so remarkablea JevBlopment o( their natural w 

nor [or aiichiterfection in their industrial eatablisbniBnts, ai we actually found in 
France, in Gerinanj. in Belgium and ia Switzerland. Much machinerj of iM 
kinds is now produced abroad equal in finish and in efficiency to that of this 
country, and we found It in numerous instances applied to manufactures with as 
great skill and intelligence fts with us. 

In some branches of industry, more especially in those requiring an inttm&tA 
acquaintance with oi^uic chemistrr, as, for iitstance. in the preparation oI Mti- 
flcial colors from coal-tar, O'ermanylias unquestionably taken the lead. 

The inti-oduction by 8olT*y,ot Brussels, of the ammonia processfnr theDunu- 
facture of soda, and the G^Tman application of atroiitia in sugar refining, con- 
stitute new departures in those arts. In the economical production of coke we 
are now only slowly following in the footsteps of our Continental neighbors, 
whilst the experiments which have been carried on for noarlya quarter of a oen- 
tury in France tor recovering the tar and ammonia in this process have only quite 
recently engaged our attention. 

The ventUatlon of deep mines by means ol exhausting fans was brought to per- 
fection in Bel);ium earlier than with us. and, although our methods of sinking 
ahofts served for raanj^ years as models tor other countries, improvements thereon 
were made abroad which we are now adopting with advantage. 

The abundant water power in Switzerland and in other mountainous districts 
h utilized for motive purposes hy means of turbines perfect in design and 



The construction o( the djrnaino-niachiiie by Gramme gave the first impulse to 
the general use of electricity (or lighting, and to the various new applications of 
that force whicli appear likely to exercise so great an influence upon the industry 
of the world ; and in all these applications, at least, as much activity is exhibited 
on the Continent as with us. 

In the construction of roofs and bridges, more especially inGennany, aoourate 
mathematical knowledge has beeu usefully applied t^ the attainment of the 
necessary stability with the lba.st consumption ol materials. 

Tlie beginni[igs of the modern industrial system are due in the main, as we 
' have indicated, to Great Britain. Before taoliirioa founded on the inventions of 
Watt, of Arkwright and Crompton, had time to take root abroad, and whilst 



4 



oQf own commerce and manufactures iiicressBd from year to Toar, the great irara 
of the early part of this oentury abaorbed the energies and dissipated the capital 
of Continental Europe. For many years after the peace we retained almost 
esolusiTe possession of the improyed machinery e/nployed in the cotton, woolen 
and linen manufactures. By various acts of the last century, which were not 
repealed till 183S, it was made penal to enlist Bngliab artisans for empioyment 
abroad ; the export ot spinniTig machinery to foreign countries was prohibited 
until the early years of Your Majesty's reign. Thus, when, lass than half a cen- 
tury ago. Continental eounlries began to construct railways and to erect modern 
mills and mechanical workshops, they found themselves (aoa to face with a fuil- 
growji industriai organization in this country which was almost a sealed book to 
those who oould not obtain access to our factories. 

To meet this state of things, foreign conntries established technical schools > 
like the Keole Oentrale of Paris, and the polytechnic schools of Germany and ° 
Switzerland, and sent engineers and man of science to England to prepare them- gchooia* 
selves tor becoming teachers of technology in those schools. 

Technical high schools now exist in nearly every Continental State, and are 
the reoogniied channel for the instruction of those who are intended to become 
the technical directors of industrial establishments. Many of the technical 
chemists have, however, been, and are being, trained in the German universities. 
Your Commissioners believe that the success which has attended the foundation pmitdii rei 
of extensive manufacluring establishments, engineering shops and other works, ot tbeae schn 
on the Continent, could not have been achieved to its full eicent, in the face of 
many retarding infiuences, bod it not been Cor the system ot high technical 
instruction in theae schools, for the facilities for carryms on original scientific 
inveatigatioii, and for the general appreuiatioa of the value of that instruction, 
and of original re.'iearch, which is felt in those countries. 

With the exception of the Eoole Centrato of Paris, ali these seliooU have been 
created, and are maintained almost entirely, ati the expense ot the several States, 
the fees of the students being so low aa to constitute only a very small proportion 
of the total income. The buildings are palatial, the laboratories and museums 
are costly and extensive, and the staff of professors, who are well paid according 
to the Continental sundard, is so numerous as to admit ot the utmost subdivision 
of the anbjects taught. In Germany, as we h&ve stated in a previous part of our 
report, the attendance at some of the polytechnic schools has lately fallen off, 
chieQy because the supply of technically trained persons is in excess of the present 
demand ; certainly not because It Is held that the training of the school can be 
dispensed with. The numerous young Germans and Swiss who are glad to find 
employment in our own manufactories have, almost without exception, been 
educated in one or other of the Continental polytechnic schools. 

Tour Commissioners cannot repeat too often that they have been impressed 
with the general intelligence and technical knowledge of the masters and mana- ???"r"|'i['ij 
gera of industrial establishments on the Continent. The^ have found that these „, '^mutera i 
persons, as a rule, possess a sound knowledge of the sciences noon which their mauagsis oa 
mdustry depends. They are familiar with every new scientific aiscovery ot im- coniment. 
portance, and appreciate Its applicability to their special industry. They adopt 
not only the inventions and improvements mode in their own country, but also 
those of the world at large, thanks to their knowledge of foreign languages and 
of the conditions of manufacture prevalent elsewhere. 

The French and German schools for miners, and the one which has been quite 
recently founded in Westphalia for workers in iron and stael, differ from the 
preceding schools for foremen, inasmuch as they are reserved for the theoretical 
matruotion ot men who, having already worked practically at their trades, have 
distinguished themselves by superior intelligence and good conduct. Most ot the 
German schools of this kind are founded or maintained by the manufacturers, 
and will, we feel confident, repay the trades which have hod the foresight and 
public spirit to create them, by training younp men to become foramen and lead- 
ing hands, willing and able to carry out with intelligence the instructions of 
their superior officers. 
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In aereral ol the more importEint industrial centres of the Continent there 
">- exial; societies, suoh &s the Sdck-t^ Industrieltes of Mulhouse, Rheims, Amiens, 
etc., the Sooi6t^ d'enseignemeut professionnel du Ilhone, which has its headquar- 
ters at Lyons, and the NiedaroesCerreichlscher Qewerbe-Verein of Austria, oae 
ot the chief objects of which is the development of technical education among 
workmen and other persons engaged in industry by means of lectures and by 
the estoblisbment of schools and museums of technology. These associations 
are supported mainly by the merchants and manufacturers of the district to 
which their operations are restricted. In many cases they are founded and sup- 
ported, or are greatly assisted, by the Chambers of Commerce ; these bodies 
abroad, being Incorporated, and having, in France, considerable taxing powers 
over their members, are generally wealthier and more influential than thosein our 
own country. In addition t« these sources ot income, the association.i receive help 
from the municipality, and sonjetimes from the State. In Mulhouse, besides 
promoting education , tlie society sees to the material well-being of the workmen 
by erecting, on a large scale, laborers' dwellings (la oit^ ouvriSre], and by 
organising savings baniis and other economic arrangements ; undertaking, iu 
this res^ot, on a smaller scale, what is done in this country by self-sustaining 
associations, like building and eo-operative societies of the workpeople themselves. 
The society in Lyons has established numerous evening classes for elementary 
and technical instmotion. which are attended chiefly by workpeople ; and the 
South Austrian Trade Society, which has its central olUce in Vienna, has organ- 
ized several technical day ami evening schools for operatives of every grade, 
which are now under State control, and receive subventions from (haGovarnment. 
The report of Mr. William Mather to your Commissioners, on his six months' , 
Ur. lil»t)ier'B re- tour throughout the United States of America and Canada for the purpose of 
United studying the schools and factories of that continent, deserves the most carefnl 
Dd Canada, pejug^l. It will be seen that Mr. Mather assigns greater influence on American 
manufactures to the general education of the American people derived from their 
common schools than to their technical schools, the importance of which latter, 
however, in the training of civil engineers, has been experienced for some years, 
though it has only more recently bwome recognized by those whoaroeng^ed in 
mechanical engineering and in metallurgical and manufacturing establishmenta ' 
of various kinds. This recognition is, liowever, now liecoming universal. A 
decided preference is being given in the United States, for the positions of 
managers and heads of departments, to persons who have received a tcientifie 
training in a leehnieal school, and the plan is followed in these schools of com- 
bining intiruelion in " applicalion " imlhinttruction inpure science. Although 
the conditions of American industry differ In many respects from our own, there 
can be no doubt that we may derive great advantage from a careful study ot 
what is being done in the way ol technical instruction in the United States, ns, 
together with the elementary education of Canada, it is so graphically described 
by Mr. Mather. We may add that the accuracy of his statements and oonolu- 
sions is generally confirmed by the accounts of technical instmotion in America 
which we have received from other competent judges. 

Not many years have passed since the time when it would have still been a 
matter for argument whether, in order to maintain the high position which this 
country has attained in the induBtrial arts, it is Incumbent upon as to take care 
that our managers, our foremen and our workmen shonld, in the degrees com- 
patible with their circumstances, combine theoretical instruction with their 
acknowledged practical skill. No argument of this kind is needed at the present 
day. In nearly all the great industrial centres — in the metropolis, in Gusgow, 
ilBBBiob- in Manchester, Liverpool, Oldham, Leeds, Bradford, Huddersfleld, Eeighley, 
ily'iQdufl- Sheffield. Nottingham, Birmingham, the potteries, and elsewhere — more or less 
rpomilons. flourishing schools o( science and art ot various grades, together with numerous 
art and science classes, exist, and their inAuence may be traced in the produc- 
tions of the localities in which they are placed. The schools estahlishea by Sir 
W, Armstrong at Elswick ; by the Lonucn and Northwestern Railway Company 



at Crewe ; ami thase of Hetsrs. Mftther and Plttl, 'if flnU'ifil, In nnn»(mMnn with 
their engineering works, testity to f.hu iriiportnncd nllKOhoil liy Diii|i1uvari* Ki lilio 
CheoreticaJ tmiuiDg of young mechnnlcn. I'lin iilTnrl.l iif MMvril. Iwiiiiy. dllit 
eininent ghipbnllders of DumbarUin, fur oiiuuiirn|tlii|t Uin llialitiiuMKii or llmir 
spprentioes, &nd for rewarding their workmnii for iiiprliiirliiiii liiiiwicatniiMU III 
details appIicaUe to their work, are proolB nf thU ap|irM<lalliiri< Til* iivltl*iiM> 
at Mr. Riohanlson, of Oldhan), and of Mr. Mnlhor, of Kalliml, I* •iii)iliitl>lu n* Ki 
their experience of its ecoaomical valiin. 

Without more partioalarly referring to the valtiahlii worh In Uia |m>I> akihiiiI' 
pliahed bv the nutnerous mechanlcE' inttltuM utimnfl otiir tlin niiiintr)', ■riHiit' iif 
them of long standing, we ma; point ont that ihay nrn ii'io Inrtf"]]' rniti'N|ii|ln|i 
their constitulionB in order to bring np their WaohlnB I" Ih" I"*! "f iii'itifru 
reqnireinents as regards technical inntruellnn . Thn •lanipU iif I li* Matii'liMli*^ 
Mechanics' Institute may be Htudirt] In thiN ontiiiMitlon. 

Moreov-er. asevidencitiethedenrcof theartiNtnathnnMlvoatiiiihMM fatljliln* 
for instruction botli in ectence and art, we niuet rwil '•mil. U> in*iill'in tli* 'iI«*hm 
established and inainbtined hjirtne of the iBadlnD riii-(i)«r»t1*» »«ti\rti»*. 'Clw 
Equitable Pioneer?' Society at Bochdalc ha* ■•«] tfia wav In thl*. m* III •) nmtif 
other soeial moTemaiU. It is mnch l/> ■« wlahral that lim rarlrni< tpmliia' •liii'rtii 
would alto consider whether it is not itiLiimlnant cm tb*m Ui pr'Tn'il* (ha t^>liril>iat 
edncatjoii of thnr ntetDbers. 

The nuuiafactareni of Nottingham mttk with '■" un'rinin v(,v,. ./f (ttft 
important infliience i>f the local achfiol or art on t)i>- I f dial 

town. Withoot the Uunbeth School, tiM art pr»-l ' < '>um 

eoold scarcely hare cotD« intA aiiatcnna. Tlie llnr'n •■■ I'aft 

an beeooiise alfre to the neeewityof tMhrilrn.! ir. 
eqoal tenna with (Mngn iMtkiaa in th* nvir- ^ 
aamtie. lie aewgemmakm of ttmim*!' 
Wn tniKd fai tfct tedntal tAoA of r 
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us ; whilst, as to the ordinarj elementBrj schools, the coet in Oermuiy and 
Switierlau^ is almost eiclusi\'el^ borne b; the localities ; and this was also the 
ciise in France and Belgium until the people of those countries became impatient 
oF the lamentable abseuce of prinarj instruction on the part of vast numbers of 
the rural, and, in some instances, ot the town, population; an evil which large 
State subventions alone oould cure within an; reasonable period of time. With 
the exception of France, tliere is no Europeaii countrjof the first rank that has 
an Imperial budget for education comparable in amount with our own. In the 
United Kingdom at least one-halt of the cost of elementary education is defrayed 
out of Imperial funds, and the iastructiun of artisans tn science and art is almost 
entirely borne b;; the State. Hence, it will be necessary to look, in the maid, to 
local resources for any large addition to the fands required for the further 
derelopment of technical instruction in this country. 

We cannot dismiss this branch of the subject withoot calling attention to the 
Eduo«ilon«l educational value of the museums of natural objects now found in many ol the 
TBiueotmoBeumB. niodern elementary schools of the Continent. Probably the best examples ot 
such coUeotioQS are those of tha Normal School of Brussels, and of the element- 
ary schools of Zurich. Colleotiqns of natural objects, pictures and diagrams 
are of the greatest assistance for illustrating object lessons in rudimentary science 
to children of the earliest years. 

Many [lersons who have paid attention to the working ot free Ubraries in oui 
Free Ubrfttiefl. hirge towns, are of opinion that the benefit of these might be extended to 
elementary schools by placing at the disposal of such schools books of a 
character calculated to interest children of school age. Amongst these books 
some suitable technical works, especially illustrated ones, might be included. 
Theee school libraries would be of the nature of the branch hbraries which are 
now attached to many ol the free libraries of our large towns. 

Your Com mission ers, after ha.ving ha<l the opportunity of further considering 

Manual irainlcg the value of manual work as a part ot primary instruction, and after having seen 

aa a pari o( boIidoT such Work introduced into elementary schools of various grades in other eoun- 

'■'"'*■ tries besides France, are able now to express a stronger opinion in its favor than 

at the time of their first report. They do this with greater confldence because, 

iu consequence partly of the suggestion contained in that report, the experiment 

of introducing manual work into primary schools has been successfully effected 

by at least two soliool boards in this country — viz.: those of Manchester and 

Sheffield. They have had the opportunity of inspecting the manual work of the 

pupils both at the Manchester Board Schools and at the Central School ia 

ShelHeld, and they are satisfied that such work is very beooficial as a part of the 

preliminary education of boys in this country who are to be subsequently engaged 

in industrial pursuits, even though it should not, as, however, it probably will 

do, actually shorten the period of their apprEutieeship, 
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The English Government ia beginning to make litieral provision for the highi 
training of artisans. Its great international exhibitions have served to aroiu 
a spirit of national pride amonpf the English people. They have seen themselves 
outstripped in the race tor national supremacy in articles of manufacture, but 
they are resolved to regain their former prestige as a nation of first rank in art. 
hMii!''"'"""^^'''^ spirit of national pride, combined with that indomitable enterprise which 
is so characteristic of the English race, and which is just now quickened by the 
depression in trade and the intense rivalry that results from sharp competition 
with Continental nations for control of the great industries aud home and foreign 
oe, together with the necessity of making some provisioa for the emplov- 
■ ■ ■ ' ....... ,p ij^iy 
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ment of the thousands of n 



■e dependent upon their d 
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earnings for their livelihood, and of making such a disposition oF the chUdren of 
those people as will prevent their becoming paapers, vagabonds and criminals, has 
taken a practical turn by Pndeavorin^ tu place the means of acqniring a special 
training foe some field of productive mdnatuj within the reach of alL But the 
Bngliah Government does more tlian merely provide schools and appamtos. It 
has a great university of science and art aC soath Kensington, where tlie ablest 
instructors that the nation has produced are employed and furnished with every , 
ne^ul facility to train special teachers for the highest departments of artistic 
manufacture, and tor the various schools of industry that are being established 
in every industrial centre. The Government also holds out inducements in the 
way of prizes and scholarships aa incentives to young people to enter the schools 
and complete the prescribed courses of stndj. 

The great tendency of the Government schools, however, is to provide for the 
teaching of pure science only, or of applied science only in a theoretical way. To 
supplement this theoretical instruction by making a direct application of the 
science thus taught to the development af the nnmerous national industries, 
efforts have been put forth in various directions to provide for a corresponding 
development of skill by training the hand, the eye and the taste of persons 
engaged in manual pursuits. The greatest o( tiieae attempts is the one that 
has been made bj the numerous guilds of London. These organizations have 
been accumulating great stores of wealth for several generations, and of late 
years they have wisely determined to utilize their hoarded treasures by establishing 
and sustaining schools tor both the secondary and the higher training of people 
who, like themselves, are engaged in indostrial avocations. Accordingly they have 
formed what is known as the City and Guilds of London Institute, the purpose of 
which is to provide for and encourage education adapted to the requirements of < 
all classes of persons engaged, or expecting to engage, in manufacturing and < 
other industries. Recognizing that the teaching of pure science is so estensively 

ErovidedforbytheQovemment, this Institute makes noattemptsin that direction, 
ut confines its efforts to technical education in the true sense of that expreraion 
—i.e., the development of skilland the acq nisi tion of manual daiterity in industry 
— by uniting manual training with science teaching, and baaing all shop instruc- 
tions upon scientific principles, 

The guilds are organizing a number of technical schools in various parts of 
London tor the education of the artisans of the great metropolis, and to serve 
as models of schools to be founded in other cities and towns of the kingdom. 
Tltese schools are to be supported in part bj tees and local efforts, and in part bj 
grants, conditioned on results, from the Government and from the guilds. The 
Institute also alms to induce existing educa-tional institutions to make provision 
for technical education, and tlicy make yearly grants to these institutions, 

Sroviding the education they furnish is of such a character as to satisfy the 
auncil of the Institute. When the existing institutions make provisions suffi- 
ciently varied and extensive to meet the requirements of a community, the guilds 
make no effort to establish a separate school there. 

The guilds also encourage the formation of evening classes, in which boys and 
men engaged in the performance of their duties during the day receive special 
instruction in the principles of science, and in the application of these principles 
to the various processes that engage their attention m the shops and tactories. 
They now assist in the support of evening classes in technology, as distinguished 
from the Government classes in science and art, in nearly all the large centres 
of industry. 

The gnilds ot London have also established, and propose to maintain, a great 
central institution at South Kensington, near the National ludustrial Museum 
and the South KensingUin School ot Soienoe and Art. This central institution ^ 
is similar in many respects to the polytechnic schools of Germany, Switzerland' 
and Italy, and to the Ecole Centrale ot Paris. It is designed to supply the 
Instruction and training that cannot be obtained in any of the smaller technical 
Khoots. and to give the highest {possible training to manufacturers, managers. 
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foremeD, &ndteachersof technology. This institution nil] afford aii oppoftunlti 
to many ambitious yoang urtistms to secure the higliest technical training who 
otherwise could not do so, as their circnm stances would not permit them tfl 
attend any o[ the polytechnic schools on the Continent. 

The City and Qnilds of London Institute is thus one of the most potent ednoS' 
tional organizations in Europe, and if it continues as it has started out, Its 
ftOhievementB in behalf ot industry and the industrial classes will be without a 
parallel In the history of the world. Its ni^ic inSuence is already felt and 
acknowledged throughout the length and breadth of the kingdom. 
Conspicuous among the schools in En!;lan<l sustained by industrial corpora- 
lew tions for the benefit of their employes are those of the London and Northwestern 
°y^ Railway Company at Crewe, ot Sir William Armstrong & Co. at Eliwick, and of 
Messrs. Mather & Piatt, aitensive iron manufacturers, at Salford, near Man- 
chester. The ol ject of eaoh of these schools is to enable apprentices to stndy 
the sciences allied to their trade. The first two of these schools do not make 
attendance compulsory, but as the companies sustaining them eaoh employ aixiut 
ten tiiousand workmen, the evening cMsses are attended to their full capacity 
by voluntary students. At Crewe the number enrolled in the school for the last 
year exceeded six hundred, which was as many as could be accommodated in the 
large school building which has tieen erected and equipjwd by the London and 
Northwestern Railway Company. Among these voluntary students were many 

Siirn^men who wore ambitious to surpass their present educational attainments. 
r. Webb, the efl^cient General MauftKer of thiscomjany, was the moving spirit 
in the organisation of the school at Crewe, and he continues to be an earnest 
advocate of rrchnical training for railroad employes. 
Messrs. Mather & Piatt require all their apprentices, as a condition of employ- 
^^ metit, to attend the evening claBS(.>s in the technical school which the firm has 
iiioQ established, and the manager of their works claims that the boys make better 
It ot headway in acijuiriog their respective handicrafts by acquiring tlie related 
technical knowledge at tbe same time. 

The theoretical mstruction in all three of the schools just referred to is very 
muoh the !ama, including mathematics, mechanics, physics, chemistry ana^ 
en^neering. Instruction is also afforded in drawing, machine conetmotion, 
building ""■■ - ■■ ' ■' ' • . ■ 
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Exhibit H. 



Mr. Alexander Stephen, in a speech before the graduating class of the Alias 
r. Glen's Institution, Glasgow, made some pertinent remarks on the subjtwt *' 
t«chQical education, the substance of which was ihat it Is only within the li . 
tew years that the importance of teaching science subjects in the schools of tha 
country has come to be realized, and it is satisfactory to observe that the deslrft 
for this teaching is increasing from year to year. In past generations facilities 
for obtaining a knowledge of science subjects were very limited, but now there 
are institutions and schools where the studies can be carried on which lay the 
basis and give the taate lor science training, so that when the student goee 
forward to the practical work of daily life, he is tbe better fitted to take a leading 
part in the performance of its duties. It tbe young student can be got to master 
the first principles of any science to which he may have given his attention in a 
techDioal school, he has out himself in the way of being able to proseoHte 
scientific studies successfully in after years, and niay even rise to distinction or 
confer a, boon upon society as a consequence of his researches. At the some 
time the boy is acquiring manual skill ha should bare an opportunity to contuiue 
his elementary education, which will otherwise be ot little value to him. The 
technical school affords this opportunity, and while the boy is taught lo do he is. 
also taught ta think accurately on scientific subjects. Science teaching becoraea 
mora and more necessary for tbe development and success of tbe manufacturing 
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and other iodnstrial Interests of the aountry. It is « bet that, owing to the 
greater attention that other countrjea hare given to technicnl teaohins. we hare 
been obliged lo hare recourse to Foreignen to fill positions as deaigaera in our 
taotones. I am intonned that this is so in Olasgow, but I think that we are now 
on the road to oFereome this necessilf. 

In the report of the Rojal Oommission on technical iostructioD it is stated. 
alluding to schools In other countries, that the best examples at higher element- 
ary schools are to be found in France; and in these schools it is said that "the 
children nt artisans and of small shopkeepers have opportuhitiea of obtaining an 
education which is technical in so far as these studies are directed toward the 
reqnirementa of commerce, mechanical ar manufacturing indostry — mathe- 
matics, science and drawing constituting the main subjecta of instruction. And 
in nearl7aU the modern French schools — of which that at Bheims ma; be taken 
as tlie best type— the laboratories for teaching practical chemistry leave nothing 
to be desired. In these schools the workshop instruction is carried toa ranch more 
advanced stage than is possible or desirable in the elementary schools ; aud there 
are special departments, replete with models, apparatus and specimens, for 
teaching the technology of the trades which form the staple industries of the 
district in which these bc!ioo1b are situated." The Germans are considered to be 
much ahead of us in technical training, but, now that we have made a start, I 
trust that we shall soon be ahead of them. Improvements and new discoveries, 
whether in engineering science or in other mechanical contrivances, are most 
likely to be made and applied in the light of soieatiflc knowledge. 



THE MARTIN SCHOOL, LYONS, FRANCE. 
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II Ebport of British CoisuiBsiosBas.] 



This school was founded 50 years ago by a bequest from Major-Oeneral 
Martin, who left Lyons a poor My, fought against the English under Tippoo 
Sahib, and entered the service of the E^t India Company after Seringapatam 
had (alien. More than 30 years elapsed before the city of Lyons could recover 
his legacy from the Indian courts, and the school was at length established in 
1830 on the remnant saved from tlie lawyers. The school was intended to give 
to the poorer classes of Lyons an education which should enable them to improve 
their position in after-life. M. A. Monmartin thus sets forth the object which 
the founders of the Martinltre had in view in creating this industrial school. 
"The intention of this school Is to instruct the son of the workman, of the 
artiBan. of the small manufacturer or the tradesman of Lyons gratuitously in 
the acieuces and arts applied to industry ; to develop in him, ou the sole condi- 
tion that he is Intelligent, moral and industrious, those aptitudes which will 
most snrely conduct him to well-being, if nut to fortune, and to create new 
elements of productive force and of future prosperity to the country." 

The building, adapted and furnished Bt a cost of $300,000, contains good 
class-rooms, each capable of accommodating 80 pupils, a very large drawing- 
room, in which all the pupils of the different divisions can work at once, work- 
ahopa, laboratory, museum, library, council-room, director's office, etc., together 
with several dwelling-houses for the head master and other olBcials. 

The school is presided over by an administrative commission composed of seven 
members, who are nominated by the Minister of Agriculture and Commerce on 
the recommendation of the municipality. The appointment is for seven years. 
and one member retires annually, but is eligible for re-election. The Mayor of 
Lyons is the ex-offimo President of the Commigsion, and the trustee of the fund, 
under the will of Major-General Martin, is the Vice-President. This committee 
(qipoints and dismisses the teachers, selecting them as far as possible from the 



old student! of the school, but tbe^ must have completed their inatractioii 
tUHBterB, and have obtained Clic diplomas of secondary teaobers, and, tor e 
plovment in some branohea, o[ superior teachers. 

A principal, a vice-principal, and five auperiutendents torn the adininistrative 
staff, and the instruction is carried on under the care of 40 masters and 10 
assistant teachers. These latter constitute a divJEioa of mastera in training, and 
(orm an integral part of the organization lor teaching, as well aa for discipunaiy 
purposes. There are also a registrar and a chemioal assistant. • • • 

The Professional School of Rhaims is a aoliool of a somewhat higher type than 
the foregoing, and is one of the b«at of the higher eleinenlarj schools nhioh the 
CnmnuBsioners have seen. It waa founded on the model of the bcIiooIe of Mul- 
house and Nantes, and differs from the Martini6re school bj the further develop- 
ment of manual labor in the shops. 

The school iras established in 18TC, in order to impart to the youths of the 
oitj of Rheims special practical knowledge of manufactures, and to traio them 
early to satisfy the requirements of her trade and commerce. A municipal com- 
misBion compoeed of city councilors, leading manufacturers and tradesmen of 
the district came to the conoluaion that professional education ought properly to 
be tbe continuation and the normal development of primary education, and that 
suob a school as this should draw its pupils from those children of the elementary 
schools who had passed a aatisfaclory examination. 

There is an entrance examination for those who do not possess the leaving 
certiBcate of the primary school. The bin's enter the school at about the age 
uf thirteen, and the course of study extends over three years. During the Orst 
two years all the pupils pass through the same cour^ of theoretical and prac- 
tical instruction, and the course up to this point serves also as a preparation for 
the Lcole des Artset Metiers at Chalons, Very few boys leave at the end of the 
second year. There is an examination at the end of each year to determine the 
promotion to the superior division. 

In order, moreover, in the brief space of three ^ears to train up these Iwya so 
as to be capable of rendering real service on quitting the school, it has been 
found necessary to enable them to supplement their theoretical studies with 
practical worlc analof;aua to that which they will have to practise in their future 
professions, and to place at their disposal a complete and well-organized plant 
for this purpose. Rheims has spent $80,000 to $100,000 on this plant, and has 
thus placed her schools in the first rank of similar institatjoos. 

The school has qnadrupled its number of students since its foundation in 187S, 
and the number of boarders would be largely increased if suCGcient funds were 
available to defray tbe cost of another boarding-house. This school received 
the gold medal at the Bihibitiou of 18T8. 

The PaoFESsioNAL School of Roden. 

The Professional School of Rouen is another school, much of the same type 
as the foregoing, but in which more attention is paid to mechanical industries. 
This sohooT, which was also visited by tbe Commissioners, was founded in 1853. 
Tbe director is M. Delarue. The special object of the instruction is to prepare 
youths to enter the fioole des Arts et Metiers, butacertain number of tbe pupils 
leave the school to enter at once into practical work. The bulk of the pupils 
are tbe sons of the small tradespeople of the town ; some of them enter with 
scholarships given by the Oovernment, or by the municipal authorities. There 
are six exhibitions given by the city of Rouen, twelve by the Department, and 
four by the State. The education at this school became gratnitoua under the 
law of July, 1881. The school expnses, hitherto paid by the town, have amounted 
to about £11S0 annually. The school course, which combines both theory and 

Sractice, extends over three years, and is conducted in very indifferent premises, 
he hoys roust be at least twelve years old on admission, and must have the 
amount of knowledge necessary for the primary -school certificate. Prizes and 
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J. G. Fitch, an English educator of acknowledged I 
ability, saya : 

We shall, I hope, ere long, come to the coneluaion th&t the true waj to reoog' 
nize the clainiB of what are called modem subjects is Dot b; the erection of 
sepflitate modern deportraeiita, but rather by taking a wiser and more philo- 
sophioal view of the whole rang^ and purpose o( school educatioD, 

It is Dot ^ood that the bor who is to be a olasaical mholar should grow up 
ignorant of physical laws, tttlllless is it good that the boy who shows a leaning 
toward the natural sciences should be debarred from the intellectual culture 
which literature and language give. • » • 

There uomes a time, do doubt, when it is clear that we should specialize, but 
this time does not arrire early ; and, until it arrives, it is important that we 
should secure for every scholar a due and harmonious eieroise of the language 
faculty, of the loc'ioal faculty, of the inductive faculty, as well as of tlie powers 
of acquisition aua memory. 

In this connection the following quotation from the 
catalogue of the Ohio State University ia very appro- 
priate : 

In nearly every department of lite the demand for knowledge and skill is 
constantly rising. The public is learning toappreoiate quality in work. Facility, 
precision, finish, are acquiring new value. M a consequence the chances of the 
untrained and the ill-Irained are rapidly diminishing, and those who presume 
to adopt pursuits without the requisite preparation find themselves placed uuder 
disadvantages that grow more serious every year. 

To meet this increasing demand for a higher order of training, new educa- 
tional methods are being introduced. That men may bo well equipped for their 
work, it has been found necessary to make their preparation tor it a part of 
their education. The young man who is to become a civil engineer should 
receive practical training as an engineer. If he is to became a chemist, he 
should receive practical training in the laboratory. Many look no farther than 
this : but technical training should be based on scientlBc training. The civil 
engineer should not be content with knowing how to handle his instruments, 
but he should be a mathematician of extensive attainments and ready skill, and 
should be master of the principles of physios and mechanics. The chemist 
should not rest in a knowledge of processes and manipulations, but he should 
be well versed in chemical philosophy. In medicine, in law, in teaching, on the 
farm and in the shop, in every occupation which involves human interests and 
requires the application of human intelligence, empiricism should be supplanted 
by soientiflo knowledge. 

There is no eniployment in which intelligence is not worth more than mere 
raanital dexterity. A man of scientific knowledge and training, other things 
being equal, will even shoe a horse bettei' than one who lacks them. The 
educated hand is a hundred times better than a hand without education. But 
the educated hand is made a hundred times better by being placed under the 
direction of the educated brain . 
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Note. — This exhibit contains a brief account of the ^j^^'^'",^ «< 
nature, organization, and work of most of the leading in-£|[,o,°^ 
dustrlal schools of the United States, including the industrial 
departments of some of the grea,t universities. It aims 
to show to what extent facilities for technical education 
are now afforded in our country. The information has 
been obtained from various sources. In some instances 
extracts have heen made from reports without giving 
credit. 



The Rose Poi.r^ 
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The Rose Foljteolinic InstiCutB at Terre Haute, Indiana, ie one of the best 
undowetl and moat promiHing at all the schools supported by private endow- 
ment, ami providing for higher technical truining on an extensive scale. Mr. 
Ohauncoy Rose, its lilieral benefactor, plowed over halt a miiiiort dollars in the 
hands o[ trustees for the endowment ot an industrirtl eduoatiumil institution to 
be located ut Terre Haute. He instructed the trustees to obtain all the Inrorma- 
tion they could relating to Eunipean and American schools, and then to incor- 
porate tbe best featuren of these into the school they were alout to establish. 
The institiitinn has now been in operation for a bout ten years. It has an annual 
income of $30,000, and a reserve fund ot S75,O00. It is an instit uiion of great 
promise, and will undoubtedly result in p^at good to both laborers and employ- 
ers within reiLch of its banelicence. The trustees ot this scbool have lately 
given evidence of far-seeing wisdom by the election ot Dr. T. C. Mendenhail 
to the presidency, and in giving him large liberty in shaping the poliL'j and 
managing the details of the institntion. Although they have to pay Dr. 
Mendenhail a salary of $5,000 a year, yet his attainments in scientiGc and 
mechanical knowledge are so great, his experience in teoohinf; and in orijrinal 
solentilio research has been so extensive and successful, and his characteristic 
energy and eiiecutive ability are so desirable in a school of this kind, tliiithis serv- 
ices as president will be well worth that amount. With its liberal endowment 
and able management, the country at large has ii right to eipeet great things 
from this young institution. 

Thk Coopbb Isstitutr. 

The Cooper Institute of New York City, established and supported by the 
munifioent beqnest of the late phihtnthropic Peter Cooper, is one of the most 
practical technical schools in America. It affords free technical instruction to 
bolh sexes, and is especially designed to meet the wants of the working-classes 
by affording them practical instruction in science and art. The spirit that per- 
vades the management of the institution Ja such as to be in keeping with the 
object for which the school was founded. That the working-people appreciate 
tbe opportunities ot iraprovemeni thus afforded them is proved by the large 
number ot students who annually attend its classes. In 18S2 the number of 
pupils wus about 4000, and more than halt of these attended the evening classes 
after having been engaged in the discharge of other duties during the day. 



There haro been more than 3000 rtndente in the evening science and art classes 
Ht one time. The aeieiice teAchiiig is done b; able instructors, and is desif^ned 
to he espeoiiill]' useful to nrtisiLns b; relating to the vnrious occupations in ivhioh 
they are eti|;d«ed iJitrinfC the i&y. The labors of the students arc uf a pracLical 
□hanicter. and the finished praducta that are possessed ot merit are dispoaed of 
to Tarious busiuecs firms of the cilj, the proceeds of the sales soing; to the stu- 
dents who turn out the products. In one year the students earned {40,000 for 
work eieouted in the school at the same time the; were receiving instmotiou in 
science and art. 

The libnirj and reading-room ate a prominent tenture of this institution, and 
the average dailf attmdance at these places is 150O persons. 



Mecbanics' Institute, Cihcihsati. 

At Cliicinnali, Ohio, there is a Mechanics' Institute, established in 1S30, for 
the purpose of furnishing educational aid to mechatiiis. manufncturers and 

artisans. Efforts are now being- mii^lc to orftnnixe Ir '- *■' '* 

plete school ot technology. 



PaBDBE SciF.MrFIC SCBOOL. 

The Pardee Scientific Deimrtment of Lafayette College, Easton, Pa., has sti 
endowment of $200,000, and buildings and equipment that cost $300,000, all 
the gift of one man. This endowment wns made with 8p(»ciAl reference to the 
promotioD ot scientific education. Iq some departcnents o( science, such ae 
metallurgy and engineering, instfuction is supplemented by practice. 
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The Miller Manual Labor Sehixil, Batesville, AlbemarleCounty, Va.,has only 
lately been organi/pd. It is richly endowed, to the estent of one million dollars, 
by the will of the late Samuel Miller, of BatesrilLe. It is designed to afford poor 
children an opportunity to obtain a practical education. Manual labor is re- 
quired of all the pupils in the several departments ot industry. Already in- 
glrnclion is given in carpentry, telegrnphy, farming and gardening. 

W0BKD.-11 Mak's School. 

The Working Man's School, another institution of New York City, is designed 
to meet the wants in a practical way of the laboring classes. The school is 
designed to educate children for industrial pursuits in such a way that they may 
become thoroughly intelligent and dexterous working men and women in some 
particular department of industry. The projectors of the school are endeaTor- 
ing to carry out what they call the erealivr. mclliod in school training. The 
plan is to continue the system of kindnrgarten training, only adapting it to the 
various ages of tha pupils. The education of the brain is to result from the 
training ot the hand and the eye. Pupils are to learn by doing. The workshop 
and the school-room here become practically the same thing. 

This school, which bos now been in successful operation for a period of about 
seven years, is supported by the "Society of Ethical Culture." 



InDUHTIIIAI, TllAINlNO IN CoHSELL UnIVEBSITV. 

The iiidiiatrifll departments ot Cornell Unirereity, Ithaoft, Now York, iire per- 
haps the most pruttical nnd efltcient of any that are maintained hi tlie higlier 
institutions of our! country. Although designed tor only ndvansed students, the 
oonriea of study wa so judiciously arraiigea, tiud ttte conditions of admiuinn so 
liberal, that the instnietion is renlly accessihla to a large numlwr of proinbing 
students. There iire courses in agriculture, mechanic arts, civil engineering, 
mining engineering, applied mathematics, electricity and electrical engineering, 
free-linnd dmwing, chemistry, and ptiysics. The farm contains 130 acres, and 
is used for esperiirieutftl purposes, atudenta o( agriculture spend several hours 
each week in Ihe perfornmuca of manu&l labor ou the farm, thus liaviiig ojipor- 
tunity of reducing their theory to immediate practice. 
- ■' - -■■■ *■ ■■ 'lent of Meor 



1 with the department ol Mechanic Arts there are a brass 
foundry, a blacksmith shop, and various kinds of macliincs and t^nls, nnd theije 
are (rcqneatly used by both teachers aud students. No other institution of so 
high stiiuding L; doing so much in the way of advancing the industries and en- 
coui'agiug the development of our great rei'Oiirces of wealth as is being done by 
the industrial departments of Cornell University. About one-fourth of all the 
students in the instltvition are iweiving techntoal instruction. 

.Sciiooi. or MrSEB, CoLtisiBU Cui.lbob. 

The School ot Mines oF Columbia College affords eicellent practical instruc- 
tion of an advanced ciuiracter to students ot mining, engineering, nrcliitecturc, 
aud certain kinds o( machine construction. It is one ot the very best schools 
Ja America for young men of means and talent who desire to fit themselves for 
the management or other prominent positious in the great industries. Students 
in mechuuicat engineering are required to devote a certain amount ot time to 
shop practice, in which thoy are tnught the use and care of tools, besides 
acquiring some skill in practical work. "The professors take out companies 
of students to mines, smelting works, iron works, and machine shops, lo dem- 
onstrate t)ieir theoretical teaching by practloe en a commercial basis. Students 
are encouraged to seek artitat tmploymml in. various works during vacations, 
and muuy do so.'' 

The Massaohusktts Institute ok Tkchnolihiv, 

The Massachusetts Institute ot Technology hns deservedly attained a world- 
wide reputation. It, was organized in the year ItJOl, under Stnte charter, as 
an "institution devoted to the pranticai arts and sciences, having the triple 
organiciition of the society of arts, a museum or conservatory^ of arts, and a 
school of industrial science and art.'' The object ot the institution was the 
adrancement, developmeut and practical application of science in connection 
with arts, agriculture. mannLiotures and commerce. 

ITiilIke the industrial departments ot Cornell University, the Massachusetts 
Institute of Teahni)togy has courses of instruation adapted to intermediate as 
well as to advanced students. Boys may go direotty from the public schools into 
this institution and take a course of technical training of two or more years 
that will enable them to enter at once upon an industrial cai " " ""■' 
of success. 

The equipment of thn class-rooms, laboratories, workshops, r 
libTHries in this school ia better for the kind of instruction attempted than can 
be found in any other technical institution in aur country. 

That the school is eminently successful is evident from the largo number ot 
promising students who seek admission to the classes, and from tlie groat de- 
mand that always exists among employers tor the services of those who liave 



received the training wbich Ui« school affords. Graduntesof this inrtitutini^ 
uro to be loand occupying posicions o( pTomineace in almost erery part rf the i 
Uoited States. ' 

WoacMTEB CottNTr Free Institutk of Industrial Sciemce, Masb- 

Thia t<>cbiiical school whs chartered by the Mjist^achatietta Lrgislatnre In 1865 ] 
niid opened iii 1866. In its generul plan it fnllows llie pDljtecliiiia actioola <4 
Europe, but gives special prominence to practical work. 

Candidatesfor admission must have attained the age ol 10. and pa as an entrance 
eiamination in history of the United States, geography, grammar, arithmetic, 
uigebra und French. Candidalea eau enter advanced clHsses by paasing the 
necessary qualiiVing eaaminations. 

Eesidentsof Worcester County are educated gratuitonsly. anil there are also . 
30 tree studentships open to pet^ions resident in other partsol the Slate of Massa-' ' 
chusetts. Other students pay ^150 annually. 

Tlie instruction Is based on mathematics, living languages, the physical 
sciences and drawing, t^etherwith a practical tnmiliarity with some branch of 
applied science, andservesforlhe tmlniiigof mechanics, civil engineers, chemists 
and designers. The courses esteiid over three years of 43 weeks each, except 
the mechanical engineering course, which is one of three and a half years. After 
half a year's attendance at the school each student must decide upon the special 
bninchofstudy which he will takenp— viz. ; chemwtry, civil engineering, physics, 
or drawing. The mechanical engineering students commence work in the shop 
immediately on entering the school. 

Ceruin sludiea are common ta all departments, the school aiming at giving a 
ompleie general education. 

The Institute grants degrees ta students who pass with distinction throngh Its ' 

Over 90 per cent, ot its graduates have easily obtained honorable and lucra- 
tive employment. 

The most interesting feature of this school is the Washburn machine shop, in 
which the mecliunical stuilsnts spend two days per week of Qve hours each under 
the tuition of skilled workmen. This shop is a manufucturing e9tal>li::ihtnent, 
and 90 the students work under manufacturing conditions, anil with the best and 
most recent tooU and machinery. In tlie wood-room the students go through a 
course of bench work, wood tuTiiing, and machine sawing and planing ; and 
in the iron-room through a complete coarse of vise and lathe work, milling, 
planing, screw cutting and tool making-, Qnally receiving instruction in design- 
ing mnehinery and undertakinir the construction of complete machines from 
their own lirowiiigs. It is expected that at the end of his course the student 
will have a mechanical aptitude equal to that of any ordinary apprentice of 
the same years' standing, whilst he will have received at the same time a sonnd 
scientiGc education. 

This school is said to have a yearly income of about $25,000, whQe the average 
esoeas of expenditure over income is about <3000, 

WisniKBTOK Umvbhsitt Manual Teiainibg School. St. Louis, Mo. 

Tn addition to the previously oiisting collegiate and professional departments 
of the University, a IdanunI Training School was established in 1970. The land, 
building and equipment have cost in all nearly $6[>,000, the money having been 
contributed by private individuals. 

Candidatesfor admission must beat lenst fourteen years of ^e, and mnst pass 
an osamination in arithmetic, geography and English composition. The course 
of instruction extends through three years, and embraces arithmetic, algebra, 
geometry, plane trigonometry, book-keeping, physics, mechanics, mensuration, 
inechnnical drawing, physical geography, English language and literature, 
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practical ethics, political economy, music, and sliop work. The ahop work 
occupies two lioiirs each day, nnd includea carpentrj, wood turning, pattern 
making, Forginj; and machine work in iron. 

UcBideB tlie students ot this school, students in other departmrnta of the Uni- 
versity nre allowed and advised to take shop work, At present there are 170 in 
aU who have shop eiercises. 

In Arranging the work, regnrd is paid to Its educational, and not to its com- 
mercial value : and no choice is allowed to the student in work ui' in the studie.". 
MS the object Je not to teach any partioular trade, bnt to lay a good general hrowi 
toniidation Cor subsequout special pursuits, 

GlUUU COLLEOI:. PslL,AI>1IU-nU. 

This institution possesses property which has inoreased in value rapidly and 
very largely, and the college [low maintains ikod educntes over 600 orphan boya. 
Shop work in iron was introdurod in April, 1863. The manual instruction is 
province very occeutable and beticQciul. It finds itn nui|ui<Blionably appropriate 
place here, since tns college does not aim at the highest standard ot instruction 
in literature and science, but seeks rather to prepare those under its tutelage for 
making- their own liWng by industrial pursuit?. 

Stevens iNSTrruTB. 

The Stevens Institute of Technology was established in 1672. The aim ot the 
school is to afford a thomu^h technical traini n« in mechanical engineering, liy 
combining theory and practice in the instruefion. tireat stress is laid upon 
meohanical drawiufc, original designing and niechanical cnuatructioii. The 
aobool is well supplied with workshops turnlshed with all kinds at maohinery 
pertaining to the subjects that are taught. The shop instruction in eludes actual 
practice in moulding, casting;, turning, planing, drilling and fitting. No attempt 
IS wade at teaching trades, but students are wi tliorougbly instructed in the use 
of tools iind the princi|)les Involved In engineering that they may very reodilj' 
team to be efficient mechanius and managers in the works where they obtain 
employment. This school furnishes another instance of the practicability and 
desirability of combining theoretical and practical instruction. 

RKNSSELIER POLYTKCnKlO INSTITUTE. 

This is a school ot theoretical and practical science, at Troy, New York. As 
a school nt engineering it holds deservedly high rank, lis graduates have taken 
a priminent part in some o[ the greatest engineering teats ot this country. In 
railway construction, WBterworks. bridge building, acid In large industrial estab- 
liahmenls, thoy have demonstrated the great value nt jiractical scientific knowl- 
edge and training. The engineer ot the Brooklyn Bridge was educated at tliln 
school. 



Mecbakioal Course, Puill 



Lapatettk, Indiana. 



This University provides for u technical and scientific course. It has a well- 
eqnipped chemical laboratory, a large physleol laboratory, a choice museum of 
natuhil history, a large geological cabinet, &nd other appliances for scientific 
training. 

The first two years ot the mechanical course afford technical training tor 
machinists and other mechanics, and are a good preparation for a course in civil 
and mechanical engineering. The course provides tor two jenrs ot shop practice 
(two hours daily), and one year's instruction in mechamcal drawing, besidrs 
instruction in ma I hematics, science and English. 



ScBOOt, OF AoBIOriTU»B iND MKTHlNir AttTS, USIVEHSITI OP C*l 

This is one of the most important schools of practicnl science in Ammca. lis 
students enjoj the beoetits of a splendid library of 30.000 yolunics, as also of 
extensive and well -equipped laboratuHea and mu^eiimi). Engineering, 
and agricultiiro ure the principal technical subjects that are taught. 



Exbibit M. 
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Mr, Mather, in concluding his report to the British 
Commissioners on Technical Education in the United •; 
States, »>iyB : 

It will be seen, from the foregoing description of the technical and 
schools, that there exist iu America a oenniu number ol htgh-claaa institutions 
' for technical and scientiflc training in mining, civil and mechanical engineering. 
I am of opinion that in tliess branches, judging from my own observation, there 
ia nothing' better of the kind, though such institutions are more niimermis at 
present in Europe. The advantage of the training in the best of them is its 
praelieaineia. The students feel that cnreers are open to them it only they have 
acquired the art of applying their knowledge ; heuca their ambition is excited, 
and every one of ihem appears to he working for a definite purpoee. There is 
nothing pretentious about these students. Some of them are poor, but they 
must have shown marked ability in order to get the advantages of the tree, or 
partially tree, instruction. Thus a liniiteiil numlior ot clever sons ol working- 
men have the road opened up for a thorough scientiflc training, if they can 
afford tn give the time. 

It is much to be deplored that in the majority of institutions in America 
where science is taught in the abstract there are no departments arranged for 
such technical training as exists in some 1 have described. 

The demands made upon those which give technical instruction aru (ri'eater 
H than they can satisfy. This accounts (or the high fees charged, and also for 
3- the fact that the advantages of such technical schools are in the main confined 
to tlie sons of wealthy manufacturers or professional men. 

The lower-grade science schools connected with the numerous colleges in 
every State, and semi-private institutions, as described under the head of 
" Ujiiversities and Colleges," are rendering considerable service in the directim 
of science-teaching to a less wealthy cla^s in the country. Their courses of 
study, however, require remodeling. To each one of them ooght to be attached 
departments simitar to tlioisc at Cornell University and Washington University, 
vrith ample provision lor the admission of free students. 

There appears to be excellent provision made in America in such colleges as 
the Johns Kopkiiia of Baltimore, and Columbia College oF Xew York, and tho 
like, for the tiaining of able professors and for the continued development of 
original research in nil the sciences. The "Sheffield School of Science," con- 
nected with Yale, and the " Lawrence Science School " of Harvard University, 
may also be classed amongst^ institutes aiming at the higher education in scien- 
tific knowledge. 

There are also siiQicient schools and colleges, aided by the taxes of the people, 
to supply, if properly used, ample opportunities (or the whole industrial popular 
tion — proprietors, foremen and workpeople— to acqnire, in early life, a sound 
solentilic education by means of a technical conr.'e of studies. The only change 
required is in the curricula of such institutiooa, and the broadeoing of their 
systems to the wants of the nge. 
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teof jxjugiiKD have been bunufaed ttvat these sourets for tbeJ^Ko? " ** 
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hkve, »ore or les, the ntechanicatl tacnltj. 

The («obt«nia iarelvcd in sFtUing the coiuiti7 hare 

pniitirpwl. Ib earl; times almoel all moo and all womea were eiigapnl in manual 

work and m eiereuiiig tfanr wits to araQ thetnselr^ ot llie forces at Nature. 

To this nstsral bias the fiohlic-$chool ei]iK*tidii gare the means (or highH' de- 

vdopneM. ThedfKnaod for mechanical oontrirancestosare labor behl out the 

ffoaatetd gK*t tewani, and tlio pndectioo of cheap patents gave confidence 

and security- Thvs the vorkiiigmen of America have been educated and I>twi5hl 

«|t Doder coodiiioos diffeteot from tlx^e ptevaiUii^ in Ean^. 

Itisinwooable lo traTerse this vacteonlinentwi'tboatwitnessiifrtlieevidcDces 
t orifiaaltly of i^i^ication founded oil scientific prinHples, and ot a devekip^ 
___. i__ - .^ocatjoQu, the meehanic&l arts. In the railroad sjrstem. (torn the 
t the basgage-car. there are origtaalOes^and matked in^nnitjin 
raooe ; in bndge-building, eTe*t daring and readjr devices for tem- 
mnrt', jec safe, strwlares; in the navigation of riven lliere ate boats which 
differ from all Kuinpean sjr^teiDs. The shall-iw riven, like the 3ii:fits!ippi in 
summer, are navigated for a thimsand tuites by steamers dnving less than 
cweltc inehesof water. TbeOhio ooiive}! from Pittsbarj^b tbon^^idsof tons 
ot material 17 hmt^ dnwing nine inohes of water. Taunt like Cbicngo. Den- 
rer and 6aa Franci^o are built nniter difficoities which require an eiiure de- 
parture trura all old melhoJ« of appljiDg science. The prodnee of Ibe ereat 
agrienltiiral regions sasgesled new modes of tilling, sawing and ivaping. and in 
■l^icaltunl machinerj the Americans showed luw qoicklj and direcllj science 
Kflonld deal with vast products which would ret nn the field but tor mechanical 
iki\i to preserve them. The same aptitmle that dealt with the overwhelming 
hnmlance of the West has inmed lo aconunt the sterilitv of the East, where, 
ji Xaine, New Ksmpshire aiid Vermont, tlie mechanical skill ot Ibe fanner in 
devising ceonomical methods has contributed as much to his support as his 
knowledge of cattle and cmps. 

It i*, of coarse, in the more recent stmctures and modem mechanical appli- 
ances that the evidence of ^ientiOc Iraths aod methods is observable. The 
magli-soij- ready contrivances of earl; niilroad development indicate originalitr 
and -'moUier wit": but in the waste of material and cnidene»3 ot deagn may 
be uitioed the absence of technical or scieatific training m the pan of those; 
who condacled extensive enirineering or mechanical operalinns in those dai^ 
The gradoal diffusion of science is ver; mikrked in the rapid reconstruction, 
during rv'^ent years, ot the RTeat nLilroads of the pdst and in the new main 
line*. Also, in milwtjr plant generally, the old is bein^ replaced bj the new, 
and the Utter etbibits high tbcoretirad knowledge combine-d with practical io- 
genuity. 



Tha Amerioiitis undoubtwllj owe to European engineers the rapid mlvKiet 
B they have been atilti to make in their public worlcs. The conserration of water- 
'' power for the ufe of the millB at Lowell nnd liAwrenoe, in Masnuiliii setts, is due 
to the eminent hydraulic engineer, Mr. Prnnoca, an Ku^lL^hnian, who practised 
(or (ortj years in America. The water rights of a district are hclJ in trust for . 
the whole coniinunitf by a boacy] ot corporation elected for the purpose. The i 
power is distributed aeconling to the shniti which mu^ be purcha^d or rented by \ 
the uBcrs.liut regard is hud to the rights ot alt, and its utiliisation rrqu ires great j 
■Itill Hnd kiiowicdge to prevent loss of power. Mr. Frances has hwi oharfn of 
this iniportiint work for miinj jears, and is deserrcdlj sHteemed as the highest { 
authority on hydraulic engineering in Amorica. Althougli s lucrative field was, 
in the early dayii, open to European engineers and mnchiniats having a thoroagli' ] 
Bcieiititlo knowledge of their profession, yet it is evident that they found apt 
scholars, who, aa they acquired some tlieoretical science, launched out into new 
paths, nn trammeled by the traditions oF the older coantries. 

Even the science of foreigners, when applied here, tiikea different methods. 
The Englishman and German t>ecoinB bold and self-confident to a degree only 
manitested by rare mtn in Europe. The everlasting thirst (or mmething nam 
8>cites. slimulatea and drives men to veuture into untrodden paths in applying 
their knowledge. In the manufacture of miichine tools and every kind m 
mechanism where the interchangeability of parts would be an advantagp, the 
design and construction have been made aubservieut to this law. It may be truly 
said that the Americans have cnrried to its utmost limits one ot the greatest 
improvements in modern times in meohanical construction — namely, in their 
extensive iiitrodnction of the principle of the interchangeability of parts in ma- 
chinery. Watches, sewing-mnchines, tools, agricultural implements, printing- 
presses. Qrenrms, etc., are made with an accuracy so fine as to approach the 
theoretical, and yet more cheaply than the rudest and most imiwrfect work. Alt 
these evidences of scientiGc skill speak well for the methods of education in the 
recent past, so far as it goes; but other influences, such as "necessity, the 
mother of invention," and the presence in America ot foreign experts, will 
account for much of the rapid growth in the mechanic arts. 

The future development will depend upon a population not compelled to dare 
and endure and experimentalize tor " very lire." In the past the waste ot ma- 
'e- terial lias 1>een excessive. To make the best use of a j^iven quantity of material 
requires a sound knowledge ot its properties and ot its disposal in the arts and 
manufactures hy scienliHc methods. In this direction the technical and science 
schools already instituted have accomplished much In providing foremen 
and manftgers, chemists, miners, and intelligent employers in the engineering 
and mannfae luring industries. Some extensions of these institutions are now 
being promoted. One significant indication ot progress in this direction was 
oSonled me during my travels. 1 attended a convention ot about a thousand 
teachers, pmtessors end principals of schools and colleges at Saratoga, and 
another similar gatherine: in the White Mountains. The discussion of technieal 
and industrial training was the chief faature ot the convenlions. I was muoh 
impressed hy the high qualities of culture and character which distinguished 
this truly "Orand Armyof the Republic'' in its SOO.CWO teachera, as represented 
at these meethiga. If this force should bo directed by a change of titctii?B, so to 
speak, in the schools to scientific and technical instruction, and to less concen- 
tration npon purely liteilLry subjects, there can be no doubt that America will 
solve the iiidustrinl-edncaiion question more rapidly than any other country aiid 
ntilize it in the further development of her inexhaustible resources. 

It mnst not be supposed that Nature has bestowed her^itts over this continent 
in such wise that they can be enjoyed without much skill and labor in the gath- 
ering of them- No country otters mora difllcult problems to the engineer, the 
agriculturist and the manufacturer. A climate of extremes; a scarcity ot water 
in the West ; the difllcutties of cheap transport and distrilnitlnn, all require the 
highest qualities of self-reliauoe and cndurauoe. with scientific knowledge, in 
the progress ot the future. •••••■••• 
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This ^lendidly endowed institatioD (the John* Hopkins tTnicereity) is taking 
iwik smoDgst the highest universities of America. The reguliir eiirrioiilum of a 
Utiiversitr coarse is followed here. The Univeraitr was openwl seven yeare ago. 
Tlie beqaVst of Johns Hopkins amounted to £700,000. The interest wns allowed 
to occuiDolate until a Bufficient sum had accrued to enable the tru^^tees to erect 
handacHne and commodious blocksof buildings on land bequeathed by the founder. 

This nnirersityisdeTotedchieflyto the highest branchesof education in mathe- 
matics, phrsics and medical science. It is condu<^ted on the line? of Owens evil- 
ly of Manchester, with a bias mnre specially to original research and scientifio 
discoveries, both in chemistry and physics, t"han to prepuring for industrial pur- 
miits. There are do nisht classes, so that all the teaching is uonflned to those 
who cau alford to pass throagh all the courses in the day classes. Dr. Oilman 
informed me they had some Instances ol workini;men having, at great eelf- 
ncHBce. come to them to obtain a thorough soientiHc education. The total fees 
Ibr all sutijects amoont to £lfi per annum. 

Dr. Gilman, in answer to my inquiries, stated that some of their professors 
had delivered popular lectures to the working chiKses, but he did nnt regard 
these as having much influence on working-people generally, in relation to their 
ocoapations. He would gladly use the institution as a means of technical train- 
ing, but did not yet know of a scheme that wns practicable there. 

One might exjiect from so richly endowed an institution a more direct rela- 
Uofl to scieiitilic in<]ustry than appears now to be the case. With an income of 
£30.000 a yeiir without fees, it would appaar possible for a large amount of 
work to lie done among the people of the city without in any dej;ree diminishing 
the higheit instruction in theudvaneed stages of literary and scientiGc knowledge. 

Baltimore does not possess any large or distinctive inannfoutures. The tn^e 
b chiefly that of timber and grain eitport, with worknhopH fi)r railway purposes. 
The B&ltimnre and Ohio Railway shops emiiloy 3000 artisans, for whom iJiere 
is little provision for science iustructiun beyoud the drawing classes 1 have 
descrilied. 

1 found much interest displayed in the question by the authnrities of the rait- 
way to wbnm I was introduced, and thej expressed their desire alid intention to 
„ provide suitable science schools for their workpeople. 



Exhibit N. 
Perhaps no views are better worthy careful considera- 
tioTi than those of Dr. Philbrick, of whom the Comrais- 
Bioner of Education says : 

It is acknowlcilged the world over that to him is largely due the excellence 
of the Boi^toii schools. A tliorough man of affaii's, accunite and broad in his 
schnhirship, in the fullest syoipatliy with American institutions and ideas, he^^ 
not only watclied and guided the Boston schools thrt grew under his bonds for pi 
twenty years, but, by travels and studies in different parts of this country, and 
two visits to Europe— one of which included official duties in connection with 
the Bxhibirion at Vienna, and the other the special organ izati on. care und 
management of the American Exhibition of Bducation in Paris in I87S— he had 
the vaslest opportunities for extensive personal observation elsewhere in school 
matters, and fur philosophical deductions therefrom. In his retirement, and 
with his accumulation of literature, of otiserTation and of experience around 
him, he has consented at my request to prepare the following rejmrt on education 



Iniiities. • * » Breryonewiilfiee that.tosecuro tliafuIleBtbonefittathemillioBB- 
interested in the wise admiafstriLtioa of educalion in our cities, and tlie millions 
yet unborn to t« iiffected by it, ttie writer ot this rei.art (ig) possessed of rare 
qu&liGDAtionB for the undertaking. * * ■ I may odd tliat 1 know of no more 
valuable study of city systems of public instruction tban that presented by him. 

ESTftACTS 



Itidu^lrial Edueitfimt. 

It may be well, in the first pl&ce, to detlne what is meant here by the term 
indiTstrial education, which is used ratbet loosely in the current discnssions on 
'" tbe subject, Some writere use it in the same sense as teclmical education; 
better usiLge makes a distinction, however. J. Scott Biissell, in his masterly book, 
'' Systematic Technical Education for the English People," e^ives to techuical 
education a broader meaning than thut which belongs to industrial education, 
making it iiiolude all that education which teaches the knowledge required to 
&t men for some special mode of gaining their, livelihood, and thus embracing 
the instraction of the highest professional schools, as well us thnt given in schools 
designed to form the handicraftsman of the humblest degii'e. Non-technical ot 
getteral edncation, on the other hand, is that which has for its object to train 
and send into the world ab!a meu of matured intelligence and ripened powers, 
good for all the vocations of life and prepared to enter upon its duties w|th 
sound bodies, developed nbib'ty, nnd tormea character; but it is not designed 
to communicate that special knowledge or to develop that special skill which Bts 
a man for the particular calling or profession which he will have to choose as hia 
life-work. This geiieral education is the necessary basis and accompaniment of 
effioient technical education. Large education, brond development, a generous 
general training, are the best pos^ble foundations of useful aCter-lite, but ther 
ure only the foundations of the knowledge and skill requisite fur professions and 
trades. This knowledge and skill it is the function of technical education to 
impart : it gives that special training which renders the educated man both self- 
supporting and directly useful to society. I willingly adopt the sigiiiflcatiou 
given to techrtioal education by so eminent an authority, althouiih niy choioe 
would be to call all that education which is not general, protessioual, after the 
nomenclature oF the French pedagogy. 

Technical education in thia cotnprehensivo sense b com]tosed of two tolerably 
well-delliied divisions, the one being that which is concerned with the social 
professions and those relating to the fine art^, while all other oocupatioos 
and pursuits requiring the application ot science, art and manual skill are 
included in the other division. This province ot technical educatinn is what wb 
mean l>y Industrial education, which has for its scope to impart the knowledge 
and skill requisite tor success in the three great departments of praclfcal life — 
namely, agj' I culture, manutnctures, und commerce ; or, in other words, in pro- 
ducing the raw material from th« ocean, the mines, tlie forest and the fleld, in 
eonverting these materials into useful forms, and in their transportation and 
exchange. 

In its widest sense industrial education comprises not only all that a man does 
for himselF, but also what is done tor him by othei's to bring him nearer to per- 
fection as a worker in any branch of industry. 

In a more limited sense industrial education is that which is desiirned to 
impart the knowledge and skill requisite as n preparation tor successful work 
in that department of praatical activity which is concerned in changing the raw 
material into useful forms, or the manufacturing nidusbry. 

In former times knowledge and skill in industi'ial pursuits were almost exoln- 
sivety acquired by means ot apprenticeship, This held true not only of tbe 
meclianioal tnnles, but of the liberal professions as well. 
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That Btnte of things has p&ssed away. An suiUiarf instm mental itr has been 
created hj the denmnds to advance civUiKation; that instrurrentalitf is tbo 
twbnical school, in its elementiity. secandacy and superior gnides, and in its 
ever-increasing divereitj oC wm uu'l purpose. Indnstriea made but compara- 
tively slow progress while they were catrieiJ on by persons whose iiiBtmci.ion was 
limited to apprentioesbip. Gradually, and in more recent times, the idea has 
made its way that the pmgress of an industry depends especially upon the degree 
of Instruction of th'ise whoexeroise it. This led to the establish ineitt nf industrial 
whools. The eonipetitiun of industries ia rapidly mnltiplying these sohnnls, and 
from present indications these schools are destined to a development far beyond 
that as yet attained in the must advanced commuuity. Industrial edncation is 
of two kinds; first, that which consists in imparting a theoretical knowledge 
and the applications of acience and the principles and rules of the useful arts, 
Buoh as may he given in the class-room and laboratory by the teacher and pro- 
fessor; second, that which consists In Imparting the manual skill and the appli- 
cations ol science and the rules of the arts necessary to form the hiindiGraftsnian, ■ 

of whatever grade. This Is the education of the shop. The school for imparting koQwiedg* "^M 
this branch of industrial education is therefore primnrlly and essentially a work- |j"5*' ^ "^''^ 
shop, supplemented to some extent with the theoretical training of the school- 
room and the inauipulations of the laboratory. The considerations relating to 
industrial education here siibniltted must he limited to that portion of it which 
is imparted In schools, and, moreover, such si;hool8 as properly come within the 
scope of city school systems. 

No school ijuestinn is at present more agitated among us than that of making 
manual trainmg a branch of Instnictlon in the common school. Some extremists 
malnralii that trades should bo tnnght in the schools in connection with the 
common branches now required, so that when the scholar graduates he will be 
prepared 1o etim his living as an artisan on leaving school. Others, more 
moaerate iti their views, would not undertake to teach trades in school, aiming 
only to exercise the pupils in the use of the principal tools In working wood and 
iron. So far the different theories on the snbject have been put into pracfloa! 
application only to a very limited extent. The two important prnetical questions 
in this connection which claim our attention are, first, what has been already 
accomplished In the direction of Industrial education in our city school systems? 
second, what does experience Indicate as desirable improvements to be undertaken 
in the department of industrial education? * » • 

Handicraft tvi a Braueh of PvhUi: Itulruetion. 
There are two modes of giving instruction in handicraft in schools : First, by 



sohool. Second, by establishing technical Bchools for apprentices, consisting wor 

C'marily of the requisite shops, with appliances for giving the theoretical 
traction applicable to the trade taught. This mode has been denominated 
L the patting of the sohool into the workshop. • • • 

r Superintendent Marvel, of Gloucester, Mass., in referring in his report loan 
V eiperiment tried in the schools o( thai city, remarks ns to its results as follows: 
L " This attempt to comliiue intellectual and manual training will tend to dignify 
■ ilnanaal labor in the opinion of many young people just at that critical period 
F when so many are now wasting opportunities tor practical education in a vain 
FtBDdeavor to accomplish purely intellectual work lor which they are totally 
I'-UnDtted. Recognition in the publio schools that mechanical ooeupatioHS are 
twually as important as the professions or ns mercantile pursuits, and that the 
I scheme of public instruction is broad enough to afford an educatlnn adapted to 
lithe needs of all classes of citizens, cannot fail to have a marked effect upon the 
fftieceeding generation. Bovsimd girls will deem it no leas honorable to be found 
'n the field:* and workshops than in xtnrea and oflices, so long as they are engaged 
n legitimate and honorable occupations." 



o the influence eiercieed b; ImIl- 

.. ._ .. _ , ^men and other employes engaged 

1 the principal industries of Bnglatid. Ihe Royal Conimlasioners secured Uie 
views in writing at a large iiamber ol iiuinuCacturers and other ernplojers of 
labor upon Che following points: 

1. Ab to the influence on industries in which these emplojers were engaiced 
at the science and art oiosses, and other sources of technical and general in- 
stractiou that are avnilahle to iipprentlces, workmen and foremen ; and 2. A« 
to any means whereby such instruction may be rendered more useful. 

Attentiin is invited to the appended estracts (mm afewof their replies, which, 
summarized, were to the effect that the schools are eKortinga decidedly benefleial 
influence npon imth the industries and the laborers through whom they are de- 
velope<l. These statements, coming as they do from men who are immediately en- 
gaged in the indu'tries which the suhocis are designed to improFe, are KigniSoant 
"in their testimony concerning the direct mid indirect value of technical eduoa' 
tion. They are from men who are likely to take a practical vi w of matters, 
^ ' e accustomed to decide upon the merits of things solely with refer- 
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Notice should here be taken of the fact that English technical schools are not 
nearly so efficient as those on the Continent. Most of thetn have not been long 
in operation. Many are poorly equipped, and others badly managed. Tlie best 
schools are the ones thnt have only lately been established, and consequently 
they have not yet had time to malie their influence very extensively felt in the 
factories and shops. Besides this, it is only very lately that employers have 
taken intCMst enough in the suhools to encourage and require their employes to 
attend Ihe classes. Yet, notwithstanding all these adverse considerations, it 
will be seen that the opinions espressed in the letters referred to are decidedly 
in favor of the iimiiitenance of science and training schools in indnatrial com- 
mnnities, and it is Bafe to predict that this sentiment will tncreane when tlie 
schools are made more efficient and have had a longer time in which to moke 
results. 

Only such parts o( a portion at the answers are given here as relate to the in- 
fluence of the schools upon industry. 

P&OM Mkssbs. Kelson & Co., I&on-Wobkkrs, Leehs. 

" There is in our works a growing tendency, on the part of the hands ein- 
plnyed, to greater intelligence and earnestneaa in the eiecntion of the work 
allotted to the respective departnnenis, The night classes at the Leeds Mechan- 
ics' Institute have long been an attraction to many of our young men." 

Fbo.'i Houroi^eses, JIilleb & Co., Cotton Mamifactdhgbs, London. 

r employ owe their general aompe- 



Frox Jakes Dison & Son, 1 



L-WoBKKBS, London. 



"We are ot the opinion that these scliools have hndfrom the beginninga very 
tobeneGcIal effect upon the foremen and workmen of our district, und that the 
amount of benefit that is accruing to the trade is increasing year by year. As 
the wen who were old scholars are more intelligent and artistic workmen, their 
influence has a corresponding effect upon their apprentices, and indnces them to 
send [hem to the schools." 



"The technical inatruclion (civen in the institution nttacbed to tbese works reubnioii 
has aiidottbtetil)' H benefltiiil influonca on ths indnstrieH in the loctilitj'. OurachooiadeiTBLi'p 
oxperiencB of the tiasses is that they not only deveiop thonsfht and inteliigonce, Isjii'/e'UjH h'J,,]''' 



From Jahes Hi^ufhaiks & Sox, Cibfet MAKVt'jtcT users, KiDSEaHi.vsTEB. 

" Wb have an excellent school of art, which has proved o[ great use in assist- ^^ 
ing to raise efficient dntughtsnien and desigDers lor our principal industry' in this niiK 
town — namely, the manufiicturB of oarpetB. Whereas, some years back, we were (i™" 
oorapelled to go to France and Qerinany for designs, we are now praciicaily ''^*'' 
independent ot olber countries, as far as carpet-desigiiiiig is concerned." 

FEum Thouas Ti;plin'g &, Ctr.,Ciaext Mahufactubebs, Lo^idok, 



! Mess 



. Hust & RLfSKKLb, Metal- Workers, Ijomwn. 



" The inHiience of the science and art classes on our artisans ia of the lii^hest 3,.|in„|, r„ 
v&lue, for they develop ideas ot conception nnd taste that would otherwise lie nurKmeu &b 
dormant, and the training afforded by these classes raises the workman above the ''"'"J inochnuical j 
mere mechanical drudgery of his employment. We beliere tlie same influence ""K"'?* 
iiwslcelis a desire to cultirute refinement in the execution of his work, a senti- 
mont that might have been loat but for the exterior educational aid afforded by 
the classes." 



Faou Messrs. Cuosses & Wii> 



m, Co'n 



' Masufacturkrs, Boj.ti 



" We regard the science and art classes carried on in Bolton as having con- ug 
ferred incalculable benefits on the industries of the town and district, and we Min 
look to them iJrincipally for the improvement In general knowlotlge o[ onr work- 
jncn, and to fit them to become foremen." 

Fboh J. K. Qiauwoou, Limes Manuka cturbb, Belfast. 

" At present there are only the clsases held in the Workiugmen's Institute 
and the School of Design available for workmen and foremen, both of which 
olasses have l.een of great assistance to many of onr employes attending tbein." 

Fboh Edward Stbeomas & Co., Lace Manufactubbes, Nottinoqam. 



Exhibit F. 

This and the preceding exhibit are designed to show the 
■importance that employers attach to technical schools, and 
[the comparative value of educated and uneducated labor. 
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In answer to inquiries concerning the value of educated 
labor lately proposed by General Eaton, United States 
Commissioner of Education, some very suggestive let- 
ters were received from employers and others interested 
in industrial pursuits. 

General Samuel Thomas, of Columbus. Ohio, who 
employed 500 laborers in his extensive iron-works, 
answered the inquiries referred to as follows : 

Men who have ediicntiDii require lesn supervision. The saving to employers 
MiJ '*• '■'''' ""y 'ilone fimounts to fully 10 per cent. Umployers suffer oonstnntly 
riBFunuid mulls ttom l^in rant employes doinjc their trorti poorly. Anil doing lees of it lor the 
u bettor iiroducw, game wiiges. Thia amounts to fully 10 |ier cent. more. 

A knowledge of chemiiitry, ^eolo^, Rorkiiig of mines, and, in fact, nil the 

phyt^ktU scieiii..es, woitld add to the emoiency of all laborers in our employ. Not 

that 1 expect all to advanoe to the higher departments ; biit, with their commoji- 

school eiliioalion, they should have someknowlodgeol thesoioneeal have named. 

Ill many ways men with such nilTanlagea could produce more in iwonty-four 

hours with no more labor, and, as a Don sequence, command higher wages. 

i.abi'r-sKvine ■*■" ""* labor-saving improvements ure tne result of education uwnkeoing the 

iiiijrixBments ibn mind to Struggle for something to save much and throw thelabor upon miuihinea 

■t-soli 01 educa. of !TOn and wood, so far as I have observed in our works. The ignorant man 

'' imitates some one else, and, if he is watched, continues to do so day by day, and 

bj these means earns his living ; bnt he is a great lax upon capital. We pay 

3U per cent, more wages to a skilled Inborerin our employ, with iiti education 

that makes him worth it to us, than to an uneducated man struggling to All the . 

same kind of plocp. but not worth, so much. 

I would not emuloy «Ba Buperintendent or foreman a man who could not read 
and write ; all other things being equal, I consider a man better and better 
qualifieil for supervision of labor as his education increases. 

The man witn some education or some mental training shows his superiority 
over the ignorant man at home, and by his social and moral influence, to A 
xreater degree than in the shop or at labor. He is more moral, less disposed to 
be vicious, more industrious. As a clu^s they live in lietter liouses. have better 
sarrouudings, and seem to be hftppier men in every way. 

Mr. S. P. Cimimings, of Boston, Mass., Secretary of the 
Massachusetts Grand Lodge of the Order of St Crispin. 
Chairman of the Executive Committee of the Inter- 
national Labor Union and of the State labor party, wroto 
as follows to General Eaton : 



The value o( skilled labor over unskilled, both us to proilueti 
pensotion, is fully 20 per cent. 

A knowledge of the sciontiSo subjects would inc 
°wouia In"."" '""y ^^ I*"" "^^nt. over the present, inasmuch as the 
le production, laborers to produce belter articles, and conseque 
tnjoymcnt. 



Mise production and wages 
iffect would be to atimulato 
tlv increase their means of 
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1 hfiTc ft Iftrge perjonnl ncqimmtance amoiig manufaeLtirers, and they pener- 
ally agree that their foremen's money value depends largely on Ihe eduealion 
tliey possess. 

InvBntive cnlture. i\a & ride, increases the sp.ll-respeat and improves vastly 
the social hubits ot workingrneii. 

EduoatoU worlciiigraen live in better houars, have Vietter smroiindinRB, and 
are in ali refpects saperior to those whose edueatioc is iiinited and defective. 
Tbey itre le.°s idle and dissipated thnn tlie untaught classes. As regards econ- 
omy, morality, and social in linencp. cdnoaied laljorersarepre-eminentamong their 
(ellowa, T may add one general obsorvalion — that while I was loretnan of a shoe intciifguiii wor^ 
lactory employing forty hands, I always got better work, had less trouble, and, ""t" <*i b"- 
as a general rule, paid better wages to the more intelligent workmeit. Tiiemore JJ°||^i*"[1 
ignoTitnt hands were cuntinnally giving ine troulile, either by slighting their rant moil 
work or by fiiiling to appear in a fit condition to work after pay-day. Tliey were, 
many of thetn, coarse and vnigar, dj'ank liquor, grumbled, anil were in all 
respects disagreeable. 

I am M nell isntistied of the inestimable value nt education to the laborer that 
I would make it compulsory. No man should lieallowed togoinlothearenaof life 
unless he has at least a decent Euglish edncalion. A class nt aueducated laborers 
in a community or State is an ever-present el eaient ot danger and injury, net only 
to labor, but to the Stain itself ; therefore, sir. 1 am much pleased to see that 
you are collecting statistics for the information of the Government and people 
on the subject. 

Another valuable opinion is that of Cyrus Mendenhall, 
Presideot of the Kenton Iron Company, Newport, Ky. : 



I rejoice that the oIBcial attention of the General Government is being turned 
to the Bubiect of your inquiries, and cannot but hope that, sooner or later, it 
will result m some practical benefit to the country. The want of a higher grade 1^ 
of inslruclion iu the science of their business (or the managers of the different in 
departments of the manutaetnre of iron — say in mensuration, geometry, the " 
mechanical powers, hydraulics, hydrostatics, -chemistry, etc. — has been severely ^1 
felt by [iroprictors. The want ot competent men in such positions often, lie 



believe, makes the difference U 



•a betwecu si 



<s and failure. 



A. J. Mundella, Esq., member of the British Parliament 
for Sheffield, England, who had employed a large number 
— as many as three or four thousand at a time — in the 
middle counties of England, as knitters, weavers, finiahers, 
and machinists, wrote to General Eaton as follows : 

I would say that an educated man invariably acijuires a knowledge of his work 
with greater facility, and executes it with less cost of sapervision, than an unedu- 

The mere rudiments 1 do not rank very high, Tf a man can barely read and 
write he has not attained to much. To read and write jluently is a great advan- 
tage in conducting the ordinary affairsof life. Evidence hasbeengiveo before tiie 
British Parliament from my own districts showing that grave mistakes in chemi- 
cal processes, such as bleaching, dyeing, etc., are constantly occurring through 
the ignoruuco of the workmen, they uut havijig the ability to read writing. 1 
have of ten witnessed natural powersin a persun entirely uneducatedwhichn-ouU 



have been turned to the benefit of himself nnil his eTDplnynr if he hftd onlf 
received a thorough eleinentarj education. 1 have recent!^ seen in MiLtaMhu- 
aetts, Englishmen whose wages their employers would have willin(;lj doubled, 
by uppoiiiling them overseers, if they hod only been educaleil sufficiently to keap 
kecuuiits, I think it is inipossilila to estimate how mavh nluofttion noula 
services. If the labor Is merely mechauical, Mich us 
g making so mniiy revolutions per minute, it requirat 
n it 1 but if Iho labor is something where the whole 
orkinan, it is a very different 
X that the ftrtisnn who begins 



iiiorease the value of theii 

tending a maohine that ii 

little ^uoatioii to pertorn . . 

nMnipulation depends upon the intelligence of the \ 

thing. The diviaian of labor in Ei iglund is sc ' 



and continues the same work tor years becomes a mere machine himself. The 
value ot education, botli to the workman ond ejnployer, is something that it ia 
exceedingly difHcult to estimate. Tlie edumitwl man will better understand the 
influeuce o[ those economical laws upon which his art depends than the unedu- 
cated 1 and my ubservation leads me to the conoluiiion that many of the scrikts 
among workmen are the consequence of gross igiiorance on their part. And that 
almost invariably the outrages and intimidatiou resulting from strikes are the nets 
ot ignorant men. The nmre flagrant cases ot violenoe and inliinidiition in Bng- 
laud have been in connection with those trades unions where the education of the 
workman has been gmsslv neglected. 

I believe that teulinioal education is of great importance ; that the success of 
Switzerland and Germany lu mauufoc lures, and their superiority over othetB for 
the lust thirty years, have been owing to the excellent elementary education thef 
have given to their workpeople, to which has been suueradded, with great 
advantage, in my opinion, a large amount of euientiflo and technical education. 
Art training In England has exerted a marvelous influence in improving the 
designs for every des^'ription of manufaoture in which taste is required, and con- 
sequently in increasing the demand in foreign countries tor such manutaotures. 
For example, the result is seen in better styles ot carpets, laces, dress goods, 
crockarjfware, fumiture, ornamental iron work, and in every mannraeture where 
decorative ort ia ot valne. I think tiio great want in this country is such educa- 
tion. I have known instances where a youth who has received art tFHinlng has 
been able, at twenty yeai* o[ aae, to earn more than all the rest of the working 
force of his father a ^mily. There is one case among my own workmen where 
such a hid is getting very high wngi.-3. and the effect ia that the whole household 
[a elevated. 

The greater the improvements In machinery, the more intelligence is reqnired 
on the part ot the workmen who manipulate it. It has been found in RitK* 
land tlint tor working the improved agrioulturut maahines a higher class ot intel- 
ligence and skill is required to manage tliein than the old peusiintry possess. An 
intelligent workman will always produce it larger amount of work from a clover 
machine than an ignorant man can, and will keep his machine in bettor working 
condition. 

Certainly, I should prefer those who had the very best eduoalion for responsible 
situations. In my opinion a youth oannot be too highly eiiucated for business 
purposes. I believe there can be no greater mistake than the old and common 
error that a boy may be moile above his business by education. 

My experience of workmen, on the average. Is, that the better a man is eda- 
cated, and the greater intelleetuitl resources he possesses, the less is he disposed 
to sensual indulgence, and the less inclined to any kind of intemperance and 
excess. Those trades most characterized by intemperance in England are those 
wherein the workmen employed have the least education. I have employed in 
various departments of my own buainess intelligent workmen earning lower 
wages than ignorant men employc^d in coarser branches of the business ; and the 
intelligent man educates his children, livesin ncomtortal'le house, and hasmnoh 
reflnenicjit and many pleasant surroundings; whereas the ignorant man, with 
higher wages in some other department ot hkbor, is more addicted to lutemper- 



anoe, his wife and duldrea are worse clad and worsB cared foe, aud hia home, in 
all respects, is less comfortable. Perhaps the best illastration of tbis wonld be 
the contrast botsreena clerk earning £80 a year, who is a gentleman in education, 
tastes and siirroumlings, and an ignorant laborer earning the same sum. In 
England iiiteiligeat workmen are geiierall; the men who are distinguished for 
economy and thrift. Thej take the lead in all nsefnl asEOciations ; tne; are the 
managers ot the mechanics' institutions, the teachers in the Sunday-Bchoola, and 
the touuders ot co-operative societies. 

In the same conDection Mr, Jolin W. Browning, brick- 
layer, President of his trade union and Secretary of the 
National Labor Union, New York City, replied as follows : 

I have not infrequently worked with members of my trade who have labored 
years at the business and yet remain ignorant of the simplest, though very im- 
portant, materials in the building line. For instance, anchors are fastened to 
every fourth or fifth beam, and must be, or shoald he, well secnreU in the wall, 
by which means there is a bond between the two walls, or four walls, as the case 
may be ; the walls are strengthened, the building is firmer and less liable to 
settle. The men I allude to build around and over these ancliors, wondering 
what they are there for and paying no regard to security. Such mechanics are 
half their time unemployed, and they attribute it to hard luak, or something of 
that kind ; but they do not seem to take heed and get on, and they become dis- 
couraged. But it is not so with the mechanic who understands the theory ot his 
business, or who hasstudiedsufflciently to discipline hia mind. He understands, 
or will understand, that the anchor must be set sung in the wall. He knows 
why a fireplace is built on the outside of a gable. He knows what a key- 
stone is For. In short, he knows the uses of the materials and the designs 
ot the specifications, and he is able to earn his wa^s, and in many cases 
superior wages, besides enjoymg steady employment during the building season. 
The latter class of our trade are the students of our business ; they lighten their 
labors and the labor of others by new inventions. A year ago 1000 brick a daf 
was considered a fair day's work. It is the basis of estimate at the present time ; 
and yet an ordinary bricklayer can lay from 1 500 to 2000, while 1 have known 
men to lay 3000 a day on a twelve-inoh wall. I think any one who has adopted 
any means to discipline the mind, either by studying at school or elsewhere, is 
preferred to one who never gave himself to reasoning. 

In my business a foreman, superintendent, overseer or journeyman cannot 
know too much, and those who are entrusted with the plans are skilled and as 
intelligent as can be had. 

I am in favor of free day schools for the children, tree night Bohools for 
apprentices, free libraries and reading-rooms for all who wish to avail themselves 
01 their benefits ; believing that it will add to tbe industry of the nation, elevate 
society, and make us, morally and religiously, a better people and bettor citizens. 



Exhibit Q. 

Mr. Mather wrote letters to several prominent educators 
of tbe United States, asking what effect tbe educational 
institutions with which they were connected were having 
on the commerce and industries of the nation. A few of 
the answers that he received are inserted here. 
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Letteb frox PftOPESson Tbowbbidoe. 

School o( Mines, Columbia College, 

Comer 4Sth Street and 4lh ATeoue, 

New York, October 30, 1888. 
to ;our question, " What effect is the School of Mines eiertins on 
OS and manufacturing induEtries of the country?" I will jost state 
ner will appl7, 1 am quite sure, t«all the institutions in thJscanntrf 
s applied soieuces are thoroughly taught, and where, at the same 
time, proper instnietion is given in the technical applications o! these soienoea to 
civil and mechanical eng'ineerinf;, and to the agricultural, mining and manufac- 
turing indnstries. 

The effects produced on these professions and industries are felt more and 
more each yeor, in the sttaiiimant of greaUr ffotinmy in production, as well as in 
new a!id progressive developments in aiigineering practice, and in the principai 
arts and industries. These effects are accompanied by, and perhaps are largely 
due to, a general diffusion of scientific knowledso among the people. All Glioses 
are becoming impressed with the value and importance of national scientific 
methods, especially when they learn that these methods harmonize with the 
results derived fmm experience and observation. The knowledge thus diffused 
is fast breaking down ond destToying the false antagonism — formerly supposed 
to be radical and insurmountable — between theory BiUd firactice. 

The business man is becoming a better judge and critic in matters of science 
and engineering applicable to his own affairs, while the farmer, t)ie artisan, and 
even the common laborer, are learning that in proportion to their increased 
knowledge of true scientiSo processes their labor oecomes more eillcient ; they 
can secure better results at less cost and with greater certainty than formerly. . 
You oan readily understand that bringing acienliflc knowledge, even in its I 
elementary forms, to bear on industry in this manner, promotes material progress \ 
and growth, and secures public confidence in enterprises or improvements which 
receive the sanction of well-educated seientifle men. 

For this inor'^ase and diffusion of knowledge and this public confidence we are 
indebted lai^ly t<i our scientific schools, and b> the men sent out from them. I 
need only suggest the direct influences which these men exert through their own 
labors when they are scatiered through the country among the mines, the mnnu- 
faoturing and engiiieering establishments, and the engineering works tu progress. 
Very truly yours, 
Mr. W. Mather. (Signed) W. P. TaowBBiMK. 

Letter from Db. Homer T. Fuller. 

Worcester Free Institute, Worcester, Mass., 
Mt Dk*ii Sib: October 35, 1883. 

In reply to your inquiry as to the effect of the training given at the Worcester 
Counly Free Institute of Industrial Science upon the industries of the country, 
it may be said that the school was not founded to create new industries, nor 
specially to build up those that were waning. It has helped to meet an increas- 
ing demand for men who were trained in both the theory and applications oC 
science, and who, haiice, could assist in developing and promoting enterprises 
reqiiiruig more than ordinary inteliigenoa and skill. 

It educates mechanical engineers, civil engineers, chemists and designers. 
Fifteen per cent, of its graduates are partnera in business firms or superin- 
tendents of importHnt business enterprises ; SO per cent, are foremen or 
draughtsmen, chiefly in shops for construction of machinery j 7 per cent, are 
skilled workmen in such shops; and about 20 [ler cent., comprising most of 
those trained in civil-engineering, are employed either in railway construction or 
in other oivil-eugineering work. Fifteen of them have filled responsible posi- 
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tions on a single railroad ; six on another rood. Besides these, the ohemists have 
done good service in dje worlis and metal wot^ks, while about 10 per cent- at the 
whole nnmber. including must of thosewhohave given special attention tndmwing 
and designing, hav ' " ' ' " '' '' " ' " " - -' ' • ' 

emplo/ment, and st 
ing their course of study. 

It should be mentioned that this school ia yet young, none of its Kraduales haT- 
iog been in practical life over twelve years, and the majority only fonr or flye 

The Educational influence of the school has been considerable. Several other 
schools recently founded, or now projected, are adopting substantially its plans 
and methods nf training. Such are the Rose PulTtechnio at Terre Huuie, 
iDdiana. and the Miller School at Bateaville, Virginia ; and a committee of the 
Legislature of Georgia, after visiting the more important of the technical schools 
in the North in July last, reported a bill providing for the establishment ot a 
State technical school, in which the couraeof training was indicated to be "as 
neariy as practicable like that of the Worcester Free Institute." 



Wm. Mather, Esq. 



1 a 

(Signed) 






Letter raoji Professob Gbbesb. 

Rensselaer Polyteohnio Institute, Troy, N. T., 
October 32, 1883. 
Mt Ds*it Sm, 

I have to acknowledge the receipt of your kind letter of the IDth instant, 
containing a iwguest that I sand you a brief reply tojourinquiryastowhatis my 
opinion and experience of the elTect exerted by the training in this institution 
upon the engineering works of this country, 

It gives me great pleasure to comply with your request. 

The Institute was the first school of Its kind established in the United States. 
It was founded in lt!24 by the late Hon. Stephen Van Rensselaer as a school ot 
natural and applied science. Its founder, long a member of the Board of Canal 
Commissioners, had been actively interested and largely instrumental inthecon- 
struction of our first great work of internal improvement, the Erie Canal, which 
was completed in 1S34. During the execution of this work there were no edu- 
cated engineers in the country, and for this reason great difficulty was experi- 
enced in securing the services of persona com petent to direct the necessary sur- 
veys, location and construction. Men were taken from various occupations and 
educated practically as the work progressed. Mr. Tan Rensselaer thus had 
occasion to realize the pressing necessity ot providing for the future requirements 
ot the country, during the development ot its vast and varied resources, a body 
of trained scientific men. 

Bngineering as a profession was unknown and, ot coui'se, unrecognized in 
the country. There were no railroads, no waterworks, no great bridges, and 
but few works ot any description which oould properly be called engineering 

At such a time and under such circumstances the Institute wasfounded. Dup- 
ing the 60 years which have elapsed since its foundation it has been closely identi- 
Am with the marvelous growth and development of our country. From 1^34 to 
1840 its graduates lar^ly became professors, geologists and manufacturers, a 
few only entering the field of engineering, for the reason protiably that there was 
only a snial 1 demand tor engineers. 

With the introdnotion and growth of railways and other engineering works 
there came an increased demand for engineers, to meet which, in 1830-51, the 
course of study and practice at the Inatitute was modified aud enlarged to meet 



existing and future requirements ; and it then becaine eicluBivelf a school ol 
civil engineering. 

About this time and for the same reason engineering courses were established 
in various oolleges, and since tliat time many technieul echools have lieenorgau- 
ised tliroaghout the couatrf, all based upon the same general plan, and all owing 
their origin to therapidlygrowiiigdemandfor, and the more widely and genernllf 
reoognined importance of, technical education. 

At the present time there is scarcely a State or a Territory wliich lias not its 
engineering or teohnioal school. 

The Institute has furnished many professors for these institutions, As a rale, 
however, the ^rrad nates of the Institute enter at once upon the active duties of the 
profession of civil engineering, in which vary many have become eminent, not only 
as designers and constructors, but as managers of great railway and manufac- 
turing corporations, while many others are growing np in various snbordinate 
oapaoitioB, and are thus becoming fitted for the more important and responsible 
duties of the profession. 

The field ot engineering is rapidly widening, and the specialties of hydraulic, 
steam, bridge, mechanical, mining and electrio engineering have been promptly 
entered upon and occupied by the graduates of all our teohnioal schools. In all 
of these the reputation of the Institute is nobly sustained by its graduates. 

I believe it is not too much to say that the marked success ot every educated 
and thoroughly trained engineer, in an^ branch of the profession, creates a 
demand for, and supplies, three more having similarqualiflcatioiis and for similar 

Although our numbers are constantly increasing, there are times when we are 

"■ " " " " ' ■!--.!---.-- luates. 

B something of our country, 
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e acquaii 

seen its public works, and have learned much in relation toitsroanutocturingand 
milling industries. You have also witnessed the activity and enterpriee of our 
people. Wherever yon have been, and whatever you have seen in our country, 
whether it be the great strnoture spanning the Bast River between New York 
and Brooklyn, the steel arch spanning the Mississippi at St. Louis, the Pennsyl- 
vania Railway (the model railway of our country), or the public worksof Boston, 
New York, Brooklyn, Philadelphia, St. Louis, and other cities, you have wit- 
nessed, and can yourself bear testimony to, the effect of the training in our Insti- 
tution upon the engineering ot oiir country. We cannot, and of course do not, , 
claim exclusive credit for these or other important engineering worka. We 
merely represent that the Institute has been and is represented in all of them. 
1 therefore state, in conclusion, that experience justifies me in expressing the 
decided opinion that the training of the Rensselaer Polytechtuc Institute, as well 
OS that of other similar schools, has exerted a moat marked and important influ- 
ence upon tiie engineering works ot America. 

lam, etc., 
W. Mather, Esq. (Signed) W. M. Gbekne, 

Director, eto. 



Exhibit R. 

Extracts raoM Mr. Mather's Testimokt befi 
Educi T ION iNn Labor, whose Repostwa 
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In answer to questions by Senator Blair, Chairman of 
the Committee, Mr. Mather said that he lived in Man- 
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Chester, England, where he was the owner of extensive 
machine shops, and stated that he had been an employer 
of labor all his life. The purpose of his visit to this 
country was to ascertain, on behalf of the Royal Commis- 
sion on Technical Education, what opportunities are 
offered to the people of this country and Canada to acquire 
industrial training and technical knowledge. Mr. Mather 
further testified : 

The appointment of tbis Royal Commission to inqnire into the technical education 
of all the counlrics in the world arose out at the tact that in Engknd we hnvB not at 
man; opportaniti^ nor iostitotiona which afford to ow working-people, or even ^' 
to our middle cUfises, the means of acgniring a knowledge of the BOiences before "^ 
they enter the osual ocenpations of life. We have felt (or the last ten j^ars 
rery acutelj, as yon know, the competition whit^h has epmn); up in all parts of 
the world with Euf^lish industries, and it haa beeu supposed by some public men, 
and by large nambers of the commnnity generally, that oui manufactures of 
the simplest kind would [or the future have to yield to a higher class of prodiic- 
tions if we are to hold our place in the world as purreyois of clothing and the 
-various articles which we have hitherto shipped from England. The countries 
of Europe have, of course, ceased to take bvm us gray cloth and the simplest 
Ainna of machinery, and in a hundred ways ceased to need our services in mat- 
ters [or which, twenty years ago, they were absolutely depeudent on us. 

In consequence of this we find it necessair to improve the taste in all arti- 
cles we manufacture, and to bring to bear a higher knowleitee of the scientiQo 
laws that underlie all the industries, and to edacate our people into still greater 
skill — a skill derived from higher Intelligence. Our opportunities hitherto, in 
England, to impart this sort of knowledge bo our apprentices, and to men who 
desire to learn after they have entered upon the ordinary duties of life, have 
been very lew, and have been ot a volnntary character. On the Continent oT 
Europe industrial and technical schools have been in existence — in Germany, 
France and Switzerland particularly — for a considerable number of years, and 
the beneGts accrutng from these have at last invited our attention. 

The industries of England have flourished chiefly, hitherto, upon the great 
demand which all the world has made upon us for our products, and on the 
facility with which, owing to the abundance of material, we have manufactured 
ail oar machinery and textile goods. 

During the last ten years that demand, as I have said, has very much 
decreased, and we have now to pass on to a diflerent kind of manufacture. Oar 
people cannot respond to this higher demand made on them. We have not bad 
the art schools or science schools to enable them to understand the laws or prin- 
ciples upon which this higher industry is based. 

In order to meet this, we hope to establish in all our mannfootaring districts 
certain institutions — yon may call them technical schools — in which not trades 
shall be taught, but the science that underlies every industry shall be imparted 
to the children ot workingmen, at the same time that they are somewhat trained 
in industrial skill to manipulate, to pass through and understand the opera- 
tions which are necessary for the various kinds of manufacture that we desire 
ta improve. 

I will give you my own case. I have a number of engineer apprentices in my 
own fforks. I felt the necessity of having these young fellows employ the time 



ji-B more to their own bone&t and profit, and also more to the intereetB of raj ocni- 

Biiop ftdiooi. cem, so we built a school inside the works and made it compulsory on every 
apprentice to attend thst sohool daring the evening two hours in the week. U* 
they do not attend that school they are discharged from our employment ; and 
this applies to all our apprentices. 
Trade 0n1ons. I am happy to Bay that trades unions with us have become part and parcel of 
our liie. We have accepted them now as one of thepropersocieties for tbe work- 
ing classes to form, and, conducted as tJiey are by able and, 1 think, in the raain, 
oonscientious and respectable naen, we have joined with tbem rather than sepa- 
rated from them. Employers o/ labor generally have lost that violent antagoniem 
which, you know, eiiatcd at one time ; the trades unions have moderated many 
of their demands, and whatever demands they now make, they at any rata make 
in more moderate language and in more polite ways. The capitalists and labor- 
ing population have both learned by experience, and, 1 tliinlc I may say, havs 
come to see that none of the intereets of capita! or labor can bo served when there 
is an antagnnism between them. On the other hand, 1 think the kboring classes 
see that capital has certain difSculties and trials and experiences of which labor- 
ers know nothing, and by fre<j uently comparing ideas, as we do under the arbi- 
tration courts that are soinetira-es established between masters and workingman, 
a great deal of information is passed from one side to the other. 
Strikes are uoi The consequence is that our strikes now, though Ihejmay be long, are not violent; 
rtolent. though theymaybe stubborn on thepartof the men, who will not see that trade isin 

snob a State that higher wages cannot be granted ; or, on the other hand, on the 

Eart of the masters, who have their own stubbornness eomelinies, and try to with- 
old from the hiborlng-classes the amount of wages they ought to give them when 
trade has improved. While these two positions will always, of course, to some 
extent, exist [Cor there will always be some obstinacy on both sides), yet, as m, 
rule, violence and passion have departed from those disputes, and all questions 
are settled with good feeling. 

In all trades, aside from tha textile industries of our country, we have for' 
many years been, for the most part, entirely free from strikes. In all engineering 
difficulties, disputes have been settled freely and without any ill-feeling. The 
engineer class with us are the most intelligent, and therefore the must reason- 
able. Tha engineer trades with us include patter n-toakers, moulders, smitha, 
fitters, turners and directors of machinery — everything connected with machinery 
we call engineer trades. 

The building trades have a strike occasionally, but, compared with the number 
of differences that they settle by arbitration and conferenoe, the strikes are not 
of much importance. They htkve had long-continued disputes from time to time, 
but, as I have said, there is no violence connected with them. After a certain 
amount of suffering on thepartof the men (tor. unhappily, it generally terminates 
that way with us), the ditficultiesaresettledandtheygotowork, I think we have 
Labor (11 nicui- bridged over many difilculties by this simple remedy of arbitration. We have 
w avuiuec] by lessened the hours of labor, and have brought nine hours a day to be the stand- 
BSneaTirSril' I ^^' '"St**iof ten hours a day. Employ era generally have endeavored toshowa 
lereai in'tbe ™ sympathy With the sooial life of all our working- people b^ establishing provident 
sirare of ttieir dispensaries for their succor or assistance when either injured in their work or 
Borars. stricken down by disease. We have nurseries, institutions carried on under the 

superintendence of our wives, who go down into the lowest parts to find and aid 
distress. This is common to every manufacturing town in the country. The 
wives of the manufacturers, merchants, and employers generally havelonnd that 
the lives of the people, after their hours of work are over, are matters of their 
highest regard for the sake of their own interests. Hence various institntioos 
have been established by public subscription and are managed by the manufac- 
turing class for the beneSt of the laborers. 

Tou may readily understand that any virtuous and good act brings its own 
reward. That isan axiom that we have all accepted. But when 1 spoke of their 
interests, I meant that from qaito a material point of view, leaving out the phil- 
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less. Wherever tb« emploj-en of Ubor hare BMaitetad thiso 

intoi^ tbej hare found it to be of advMiUge ina bosDMipaiDtof twv. Wlttt-" 
ever diiBcuIties might arise between them and their <fnpk><«s in tooaeepemee at 
i mgee hftTe been more readilj 'wlJDsted. and, at any iste. the tPobTes of tbe 
■"OTannhctnrBn are not misunderstood. The men only require to be ouaiineed ot 
Vttw exigencies of tndf, and to see that the thing whieb is ttat«d to Umb ia 
f ItMjtrae, to induce tbem lorieid. This E]-rnp«ihj, thiseodeiarartael 
^ Improve the wortcing-claeses all round, sometimes by individnal maavf 

■t other times bv mannfactarera combtoing together h> make a district the emtn of 
aome means of reaching and imprDving the vorking-daasea, is having the Boat 
excellent effect. 

For example, the establishment of coffee-hoosee. all over oar cities, U> tatm a ninut i 
snt of antidote to the public-boose, to give n-orlungmeii a nice room io whidi pnbUc pa 
they can meet their fellows and at in comfortable chairs and have a snx^ and a ?^J~ ' 
talk (ogether.and an opportunity to take this -harmless beverage and crcAtora 
comforts of that sort, to tbe exclusion of S[>iritaoug liquors — alt that has bad a 
great effect. The public parks have also helped. The mo^cal ent^rtainnwnts 
m the open air during the summertime — many of them encouraged by oar cor- 
porations and support«d Ian:e1y by the employers — all that work is veil-djeected 
outlay for the enjoyment of the people. 

The reduction ot the honrs of labor from siity hoars to flfty-fonr has alknred Hoan i 
all the working-people to have a h<diday, le&ving their work on Saturdays at 13 per woel! 
o'clock. It gives them an opportunity to mftke their purchasw in the daytime, 
and to take their children out into the parks and enjoy the fresh air. The workint:- 
honrsaresuch that the workingman has practically got daylight all through the 
year for his work, and then during the summer mooths. of course, there are long 
evenings ot daylight, and the half hour less labor at each end of the day gives tbe 
workingman an opportunity to wash, and covers tbe time when be would be going 
home, and is a great consideration to him. In consideration of this extra time 
allowed tor recreation, we find that mea are attending reading-rooms more than 
th^did. 

We have free libraries and reading-rooms established in each ward or district Lumriwaad 
of oar towns. If the ward is very large we divide it intodistricts and establish a raadttis toomi. 
leading-room which does not cost much money ( three or four thousand pounds), and 
there we keep the papers of the day and scieotific and literary periodicals and 
some standan) books, and we find that the working-people are appreciating these 
advantages just in proportion as they get more time to devote to them. They 
have more leisure now, and many take advantage ot their time to pursue some 

And because of this, we think our evening science schools, which we are ^^^ 
endeavoring to improve, will be better attended, and we shall therefore get Sciioo 
some science and art teaching into the adult working-classes who have already 
begun their life-labor, who have almost always the desire to become better 
informed, and will in this way be able to salisfy that dft^ire. 

K you will allow me to, 1 should like to make another remark as a result of 
my observation in America. I do not wish to say anything to intensify dider- 
CDces of opinion, bnt, having said it to several employersof labor, it may not be in- 
appropriate to say it here. I believe that all American working-people have greater Hours ot MM 
aelivily, greater nervous energy than our people have, and 1 believe they do *"*■■'' 
more work, and can do more work, from that spirit of intense desire which they 
have to accomplish something, to accomplish more, even, day by day, than they 
have done before. This b the spirit of your people. They work liar^er while 
at work, and I therefore say that nine hours of labor here, with the inleusity ot 
diligence which your people display, would. I think, count for more than ten 
hours of our people's work. Undoubtedly the condition ot the working-classes 
in this country ia superior to outs, all roand. The very fact that you have food 
I just as cheap aa we have it — in some places they say it is cheaper, but at any 
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bom one-halt as much again to double as muctt again (or similar einploirmeot ; 
that 70a have iii hare had. hitherto, aa I think, more constant emploTtnent than 
nur [icople have, and therefore the aggregate eamingB in the whole je»x are 
greater than their are with our people — all thtse indicate that there is more pur- 
chasing power in the hands of the American worUtiginan than an Engli^ 
workingiiian enjoys. 
J The one subject which fitrikes ma as being very difficult to comprebenil, and 
moat opptessire. 1 think, upon jour working-people, is the enormous omonnts 
tbej pa; tor house-rent. I do not think I oremate the case when I saj that 
rents are doable, all throogh this country, for the same degree of comfort, that 
thejr are in England. That is so even in Pnllman Citj', which is a model citj. 
It hai alwajs struck me as beiog a very remarkable and almost unnatural con- 
dition of things that in a country where there is so mnch land, and where the 
resources of the people are so much greater, and material therefore ought lo be 
so cheap, the habitations of your working- people cost so much. It is certainly 
an indisputable fact that rents are double here what they are in England. 

In this country waste of raw materials is the normal condition of things. 
Yon waste your forests, your metals, your food and your drink. There is so 
much waste here that it is not noticed. 

All the institutions lor the aid ot the working-people are kept up by the 
employers — all our hospitals and dispensaries — to give cheap medical adrica 
and cheap surgical aid, and relief in time of need. We have worldiigmen's 
clubs eatablishert by philanthropic peojile ; we have coffee-houses where the 
workingmen can come and read. Into these, members of the committee come 
from time to time, and take an interest in the young [>eople. 

I think what you reqnire here is a larger interest in the working-classes by 
your wealthier people. You require more institutions for their intellectu^ 
enjoyment, for their entertainment and their recreation. You require les hours 
ot labor, certainly. 

I think you ought to reduce your hours ot labor to nine — it would bo for the 
benefit of the whole coontry. employers and employej— so as to give a full, solid 
halt-holiday each week for the entire mass of the working-people. They would 
enyaj family lite more, and wonlJ have less temptation to indulge in vicious 

Then, in your common-school system, by introducing industrial edncation 
side by side with intellectoal education (and it would not hurt intellectnal edn- 
cation, but would help it) , you would have a lar^r number ot people who would 
be willing to go out into the far West, and, meeting the forces of Nature, subdiie 
them in a territory that is apparently unlimited and as rich as it is boundless. 
All that spirit would be evoked by these simple changes, which would be very 
easy to make. It would only require probably the resolution to do it, and it 
would be done. 

In all other respects the working-classes of this country ate infinitely better 
situated than any [leojile abniad. They have in their form of government no 
hindrances of any kind, eilher from tradition or feudalism; tbey can acquire 
land easier — -it is almost given away in many parts ot this country. They LaTe 
an equality among tbem^telves and their foremen and managers that yon do not 
see in any part of the world. I am particularly struck by the respect which the 
managers and foremen here seem to bare for their workmen, the civility tbey 
show them ; all of these are advantages to the workingmen, apart from thdr 
civil rights, which, ot course, are universally admitted here ; all these make up 
a social condition sup-rior to anything we have in England. And if the work- 
ing-people were only by their habits to show that they were capable of taking 
the advantages offered ihem by Nature and by ^our free institutions, they ought 
to t>e the happiest and mont prosperous people in the world. Government need 
do nothing more for them, 1 think ; but society requires to du a great deal more 
for them. 
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I h&re heud a geatlrmftQ $ar here that oarporatioos ven not distinguisliHl Pub 
for their sjmpathj. That is 'trae ; and that is whj I point oat that societj in i^ouli 
AmericA, in oU the great centres of industry, has a iliity laid u|ion it thatl think„7ioii 
it M not performing in the full sense ot ils responsibilities. Id these ^reat corpo- ditiou 
ralions lie shares are held. I presume, by wealthy persons, representing probably oring 
the culture of your cili«s, and probably occupying pnblic positions. It would 
ha a Tery simple matter for any of those corporations t« appropriate, by their 
■hareholilers, from year to year, such tuuoniit of money ns thpy might wish to 
am>T0priate for the lieneSt of the working-people. And It public opinion in this 
country were directed toward the amelioration of the condition of the working- 
olassra all arotiiiil, it would not be an uncommon thing for certain snras of 
money, probabiy erery year, to be giren for their benefit. That is not nncom- 
mon withuB. Wears tending somewhat onrselTes, you know, to tnming all onr 
ooneems into joint-stock companies ; but 1 am very happy to be able to say that 
we crften End that spirit of humanity among our corporations— not so much, per- 
haps, as with iniliridu&ls. but there is coming, more and more, to be an 
acknowledgment of the fact that anyeinployerof a lar<K class ot people is boimd 
to r^ucd those people on the social aide as well as the industrial side. 




KsTBAers FBPH AS Address os Techsoloqicai. Instecctior, dt Philip Maosus, 
Secretabv aud Dibectob of tbe Cut ash Gdii-ds of London InaTiTUfs. 

Workmen, generally, make a great mistake in taking a very narrow view at 
their own educational rrquirements. Instances ot Ibis are continually coming 
under my notice. It is diOlcult, for example, to make them understand that a 
knowledge of intimately associated and cognate branches of their trade is likely 
■^^ to prove serriceable to them ; that in order to become efficient foremen it is 

^^B necessary that the; should pi^sessan intelligent and comprehensive acquaintance 

^^H with the entire area ot the work in which they are engagei). It is partly to 

^^H correct the cramping inSuence of the eitreme division ot labor that technical 

^^H instruction has become necessary. 

^^H Spring from myowneiperience.Ishoiddsaythat workmen generally care to 

^^H learn in the school very little morelhan they might learn in the shop; they only 

^^H want to learn it more quickly. Thisdeaire ot workmen to leum those parts only 

^^H Of a subject which seem to thein tn be intimately connected with their special 

^^H oooupation reminds me of a fact told me by a medical friend, that among his 

^^1 students of anatomy was one who expressed bis decided unwillingness to dissect 

^^1 the abdominal cavity, because, as a surgeon, he intended lodeTotehimseltexcln- 

^^^ sirely to diseases of the eye. This narrow view ot the scope and objects of 

^^H technical education needs to be steadily and persL'tently discouraged, and it is 

^^H one of the objects ot this college to bring home to the workman the advantages 

^^H of a wider and more comprehensive system of instruction. 

^^H A similar ditflculty is experienced in inducing adult urtjean students to attach 

^H g^^-:__. __, ._ .. _ 

^H bet 

^B (he 

^K 
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iwonly adopted, which does not distingnish between the requirements of 
school-children and ot adult workmen, and partly to the fact that such students 
ate too impatient to see the immediate applicability, at each successive stage, ot 
(he knowledge the^ itre gaining to their particular work. It is possible that the 
fundamental principles ot science are not always presented to the artlsanstudent 
in ns attractive a form as they might be, and that he is not made to see. at a 
snlSuiently early stage, the connection between the instruction he is receiving 
and the occupation in which he is ensagcd ; but ot the value and the importance 
ot this elementary knowledge as preliminary to, and ns an essential part ol, tech- 
nical instruction, we must lake care never to lose sight. 



These and other difliQultieB will doubllces bo lonnd to grsdually iljaappew jn 
the training; of joung appreotices, who will constitute the workmen ot the future, 
and whom, in the iiiterefta of trade, quite apart Tram the material advantages 
which they themselves ma; derive from such instruct inn, it is must desirable to 
caretnlly educate. In Belgium, and in some pans of Germany, where technical 
teachiug is bettor syBtomatiKed than in thi» country, the claas-rooms, in the 
eireiiing. are Slled with young students who attend Bvo or aii nights a week itnd 
follow the several murses of instruction in the order in whicli they are recom- 
mended t« them ; iinil, ia the hope of being able toiutroiluce a sninewimt similar 
system into this Qollego, oours&s of instnietioo have beeu arranged, ndapted to 
the requirements of apprentices engagal in various industries, but affonling, at 
the same time, an education in the true sense of the word. Thesecurriculaluve 
boen drawn up with special reference to the educational wants of the mechanic, 
the electrioiati, the metal-plate worker, the cabinetmaker, the carpenter, the 
bricklayer, tlieplumbe.r.etc., and are intended tosuppleraent without interfering 
with his workshop training. 

In the ordinary teachiug oF pure science the preliminarj^ stages of inslructinn 
are such as afford, or are intended to afford, the best basis on which the super- 
structure of higher knowledge can afterwards be raised, and where the pupil has 
a long conrae of study before him, to which he can devote himscIF before being 
required to apply his knowledge toanydpeciulsrtorindustry. No better method 
of instruction can be devised. 

But the ease is ilitTereut where the pupil's period of study is necessarily 
limited, and is not long enougb to enable him to attain to that higher knowledge 
which would justify the time spent in preparation for it. Indeed, in this resfwct, 
the practical educator may take a lesson from the builder, who adapts bisfouuda- 
tions to the superstructure to be raised upon them. This question of time is an 
important factor in the oonsideration oF all schemes of technical instmotion 
necessitating the early speciftcfttioii of the student's work. For we may take it. 
for granted that the pupil req^uires not only b knowied^ of tiie principles oC 
science and of the details of pmctical work, but the ability to apply the one tit 
the other; and for this reason it is eswntial that theory and practice should be 
combiaed in his instruction, and that i>Dth should have reference to his particular 

In this college all the subjects of instruction will ba taught, as far as possible, 
with reference to the career or occupiLtloiis of the students ; that is to say, the 
teacher will keep steadily before him the purposes towhich the student will apply 
his knowledge in the instruction which he gives him. Indeeil. the technical 
teacher ought to be so constituted as to be able to keep one eye on the general 
principles of science, and the other upon the industry which his pupil intends to 
follow. Instruction of this kind must overlap ordinary science teaching and the 
teaching of n trade, and must yetbedistlnctfmm either. Between the ordinary, 
or the scholastic, teaching of the elements of physics, and the instruction, for 
example, that might be given to a novice in the manipulation of a telegraphic 
instrument, there is a wide difFercnce : and it is within this difference that a 
technical teacher is called upon to do his work. So. too, between the teaching of 
Euclidian geometry and the rules that would be given to an npprentice for the 
construction at a particular kind of joint, or the cutting out of a sheet of metal 
to a given pattern, lies the border-land (or technical iristruction in the applica- 
tion of geometry t^ joinery and to metal-plate work. 

Speaking generally, the method of teaching science in IbisenlleRewill be based 
on the well-known educational principle that all teaching should proceed from 
the concrete to the abstract, from the known to the unknown. The student will 
be brought into contact, first of all, witli the actual working machine, and he 
will then proceed to analyze it into its different elementary parts, and to deduce 
the laws of their action. In this way the principles of science will be derived 
from the mechanical contrivances esempUr^ing them, just as the hiws of growth 
1 decay are inferred by the student of biology from the obserratiooB of livioj^ 
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engineeriog promises, for some tinie at least, to be the most attnLctive to 
students. The npplicat Jons of electricity to telegraphy, telephony. iUinniiiatiaD, 
machiiierj and locomotion are arooiif; the most recent i>t tliu pructical ilevelop- 
ments of science, anil seem to uffuTil a Kllinpae. if uothing more, of the trider 
fleld of inventinn which ia yet to bo eiiiloreU, Tlie appetite fop woiulers pTOWB 
with what it feeds upon, and never before, perhaps, was the world more willing 
to believe in the poasibiiities of science than now. This unirerrat eredenoe 
almost constitutes a new faith. The numerous discoTerie-s fetched within the 
last few years from the seemingly boundless world of physicnl science verify and 
give a special siRniBcanoo to Cicero's words: 

" OmnibtiB fen iu rebus, tl vuu-ime inphi)aieis,qiiiilno»Bil cilivsguam quid 
aii, dixerim." 

Although electricity may be regtirded, just at present, as the most popular 
of the sciences, the discoveries which have recently been made in other 
branches of knowledge are scarcely leas important The skill and the invent- 
ive power ot the meohiinioiiin have been culled into requisition with every 
advance in physics and in chemistry. Indeed, it is only when the inventions 
of physicists and ehemists are capable ot being adapted to machinery that 
these inventions can be said to he practically serviceable. The great discov- 
eries which have recently been msJe in chemical science, in the application 
ot which to industrial purposes the Germans nnd the Swiss have left us so far 
in the rear, are among the causes that have ^ven rise to the demand in this 
country for the techiiical instruction which the City and Guilds ot London 
are engaged in providing. It may reasonably be supposed that many ot the 
students oC t.his college will entertain the laudable ambition to have their 
names enrolled among those who have pushed discovery one step further, 
and have added something to the sum total ot human knowledge : and it may 
be encouraging to these students to bo told that they will here receive a 
preparatory training that should help to place the power of discovery within 
their reach. For dLscovery in science, like design in art. does not depend 
entirely upon, altlioitgh it is greatly aided by, inspiration and genius. Anyone 
who is carefully trained in the methods ot research, who is shown the processes 
by which the system ot organized knowledge, known as science, has been 
griiduaiiy built up, may reasonably hope to unravel fresh secrets of Nature, 
and to add something to onr knowledge of what is or may be. Except, pei^ 
haps, in the region ot chemistry, it is not the masters of a'-quired knowledge, 
the professors ot abstract science, but rather tho^e who have ma<le science 
minister tfl art — practising first and then calling theory to their aid— who, as 
discoverers, have eierled most influence upon the material progress ot the 
world, and have chiefly assisted in the development ot its trade and c 
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The 851st meeting ot the Society ot Arts was held at the Institute of Tech- 
nology on Thursday evening, Oct, 28, President Walker in the chair. 

After reading the records of the previous meeting, the President introdoced 
Mr. C. D. Jaioesou, of the Institute, who read a paper on " Railroad Euginee ring 
Education." 

Mr. JamcBon said ; " The duties of the first railroad engineers were much 
mere general than those of the present engineers. They located and built their 
railroads, designed their locomotives, rolling slock and bridges, and when com- 
pleted managed the road with success, and this without the aid of experience or 
precedent. Usually they were men vrho had had no early education or training in 
railroa<ling, but possessed an indomitable will, unlimited patience and a good 
stock of common sense. 



locoinotivca and rolling stock : thfs ia turn necessitated renewals and luldiCions 
to the rmulbod an') track, the repkcing of the old bridges b; new and lieavier 
ones. This reconstruction in the form of renewals will never cetue, and with it 
all the railroad companies have come to see the necessity at a permanent and 
reliable engiueering corps. Thus the Held al work for the milrnnd engineer has 
broadened from the transiuit work of locating and construotinf; Cbo r«ul to per- 
manent positions on established roads, where there are abundant opiwrtuni ties 
of makinjj good nsa of his ability. But in order to take advantage of all these 
opportunities there is need of a much broader education in what we may call 
' railway science,' which includes man; branches as yet very littte taught in 
our technical schools, 

" Let us now look at some of the items that should be included in a course of 
instruction in ' railway science,' or, as it is commonly called, a ' special course 
(or railway engineers.' Tlie length of the course should, it pnssilile, be five 
years instead of tour. The first two years should be devoled to laying a firm 
foundation in the general stu(]les, pftrtioular attention being paid to mathemat- 
ics, chemistry and phjaicK in. their more elementary forms ; the third year to the 
general study of cinl engineering, and the last two years to a special study of 
railroails in all their branches. The third year's coui'se should contain thorough 
instruction and practice in the fleid work of the railway enaineer. in both loca- 
tion and construction. When the weather will permit, the field work should be 
pushed even to the point of sacrificing some of the work in the class-room. The 
field methods should be taught exactly as they are now used in the best practice ; 
the same terms used, the same organization of parties, and, most of all, the same 
discipline and strict attention to business. The greatest possible attention 
shonld be paid to the subject of location in all its details in the Geld, and when 
tlie student has mastered as far as possible the principles that govern a I'ailroad 
location in regard to the geography nt the country and understands the actual 
work of putting the line on the ground, then, and not (ill then, should he be 
instructed in those finer details aud principles of the nnrk called the ' Theory 
3f Economic Lot^ation,' and upon which the true l<x;ation of a railroad de- 

"This ' Theory of Economic Location ' should be taught in the Ust two years. 
Also there should be giren a course of Instruction in every brunch of railroad 
construction, which should contain n.n nmonut of hydraulic and sanitary engi- 
ueering sufficient to enable the person to build and maintain stations, shops, 
etc., and the proper handling of all the water that may be encountered in the 
construction and maintenance of the road : the ' maintenance of way ' in all it? 
details, both in theory and practice ; the proper management and economical 
distribution of large and small gantts of laborers : railway management as it 
applies to the operating of the road, such as internal management of the sepa- 
rate departments and their relations to the general management ; the making 
up and running of trains; nmningMi'il repairs of locomotives and rolling stock ; 
station and terminal service ; the relation between the railroad and the public ; 
the financial management as to bonds, stocks, leased lines, consolidations, pools, 
etc ; and all the questions of r?iilway transportation, legislative interference 
and State ownership, 

'■In the inatructinn in any branch of engineering the one thing to be kept 
prominently before the student is economy oC design and construction. It is not 
enough to In able to design and construct a bridge of a certain length which 
sliall safely bold upa given load, or astation that shall accommodate agiven num- 
ber o[ passengers and trains, but this should be done at the least possible cost. 

'■ If a person examines the oouraea of inptruction in the different branches of 
engineering in the various technical schools in this country, he will be struck 
with the antiquated ideas and methods that still prevail in a majority of them. 
With but one or two exception* there is no instruction givpn in rnilroid engi- 
neering proper, and the merest outline of the principles of locution and con- 
struction. There are undoubtedly some reasons why the sohools are so much 





S. As the Baltimore and Ohio Railrnad Company unilertnkes tbe npenn- .. 
educ-aling Aiiprciitices and Cadela passing ihe phj^cnl and eduoatioiial eumi- 
— .; — :. _,,|| gipect the privilene ot availing ol the gerficea o( such aa «re 
[or its purposes, at fair salaries, (or st least three rears oXtec 

4. Apprentices and Cadets will be ameDable to the discipline and regnUcinna 
ol the Oinipaiiy, and Tiolation at its rales, neglect ol its intensts, deatnicli'm 
of its tools or waste of its property, will he cause tor dismissal. Itut. while 

liable to ensp^nsion b; their itijuieiliute official superiors, Apprejitices and CndelB 
cannot be dismissed except by tlie direct atrtion of the General Manager of tb»m 
Company ; his decision as to dismissal being flnal and conclusive. 

5. Tlie ptiy of Apprentices and Cikdets in the sereral classes will be : 



1st year, $ .70 per day, 1st year, Jl.OO per day. 
2d " .80 ■' 2a ■■ 1.131 " 



1st year, {I. SO per daj. ' 



oomneDcing with the date of their admission into the service. As an incentive 
for efficiency, fidelity, industry, energy, and care of its propcrTy, the Company 
will give to each of its Apprentices, on the forapletion of his term ol four years' 
service in the first class, and to those Cudets passing through the full courses of 
the second and third classes, whose record for that time has been praiseworthy 
and satisfactory, a sum eqiuti to eight and a hull cents {ler day for each full day 
they serve in tbe first class, and twelve and a half cents for each Cull day they 
serve in the second cliifs. 

6. The Cadets of the second and third classes — and all students of theTecbno- 
logical School — will be required to wear in the School, on all public occosionB, 
and at any and all other times designated by the General Manager, a. prescribed 
uniform, all the parts ot which will be of like pnttem and will be furnished by 
the Purchasing Agent — the first suit free, and all renewals at cost price ; pay- 
ment being arrauged in instalments to suit the means ot the Cadets. 

7. Apprentices possessing the qualifications and slandard of attainmenti 
required of students of the Technological School at Mt. Clare. Baltimore, hnd 
all Cadets, are entitled to enter that institution. Students of the Technological 
School, either of whose parents have been in the employ of this Company for 
Gre consecutive years, are entitled to free tuition and use of teit-booka and 
apparatus. Other students, sons of eriLpioyes of less than five years' service, on 
entitled to tree tuition in the first elasa. and to tuition in the second and third 
classes at half the rates Bxed for other studeiils by the regulations ot the Tech- 
nolfgical School. Apprentices and Cadets appointed outside the service, while 
under pay from the Company, will be charged full tuition tees for instruction in 
the Teuiinological School. 

8. Apprentices or Cadets of one class can, in the discretion of tbe Oeneral 
Manager, be promoteil into a higher doss before the cKpiratiori of the full term 
ot their respective classes, on the certiDcatinn by the Corps of Inslructon of the 
Technological School of their liaving sntisfactorily passed examinations entitling 
them to such promotion. Such eiamlnntions shnll be graded, and those ol 
higher grade shnll fir.'t be promoted. But iio Cudet Officer will be graduated , 
until he shall have taken the full course of iiistruotion of Ihe third cloas. 

U. In fliliiig vacancies in tbe second class, other things being equal, prcfef 
ence will always be given Apprentices, in order iif merit, over other ootsid 
appUconta tor suoh cadetship«. 
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, jj certified by the Corps o( 
lustnictorB. 

11. Oa the completion nt their courses, mom tiers o( the several cUsms will be 
entitled to e. fltiul vxamiiiikiiuii liy a Uoard composed of meuibecs ol the Corps of 
Instructors niiJ Railroud OMciiils appointed Tor this duty by the President ol 
this Company, and upon [nioing sutiahctorii/ such final examinution, will be 
awarded uiiiloinas Betting iorth their qualillratioiis nnd entitling them to prefer- 
ence over all other applicants not thus Knuluatiiig, in appointments to the higher 
ciitsses or in filling vacancies iti positions oC lespoufibility in the gift of this Com- 
pany, A3 they may elect, and as the Board may recommend. 

13. Regular attendiLMce upon thase»)ioiiso(t lie Technological SeUool is obliga- 
tory upon all Cadots and upon all Apprentiees located nt Baltimore as the Hoard 
ot Kxuminers may determine are fit to enter the School, and they nill be equally 
amenable to the discipline and regulations of the School as to those of the 
Company. 

13. S^tiidents at the TeehnologicalSchool will hare the privilege of purchasing, 
in small instalments, such of the toots, implements and teit-books used in the 
course nt instruction there as they may desire and as may be deemed uselul to 
them after graduation. 

14. Apprentices and Cadets are required to become members of the Baltimore 
and Ohio Employes' Itelief Association, the name as other employes, and are 
entitled to all the privileges ot its Savings Fund and other tealui'es. 

IG, Through the ifree Circulating Library at Mt. dure. Apprentices and 
Cadets residing outside ot Baltimore can obtain the free use nt lei^t-lioolts und 
apparatus to enable them to follow the course of the Technologicul Schoul. 

APPOINTMENT OP APPRENTICES AND CADETS. 
Sbctios II. 

1. Apprentices and Cad?tsare not bound by indenture, but those who com- 
plete satiafaetoriiy the leritis for which Ihoy nre engaged will be given certifi- 
cates of general oharacter and ability. 

3. The number of Apprentices and Cadets wilt be regulated by the General 
Manager, wlio, under these regulalions, will have the exclusive appointment 
thereof and Ihelr assignment among the I'arious departments and stations of the 
service. Ail applications for appointment should be addressed to him. 

3. Other things being equal, preference in appointments will be given sons ot 
employes of long and laithlul service, and especially the sons ot employes liilled 
or disabled in the service. To enable the sons ot employes to enjoy this privi- 
lege to its fullest eitent, free transfiortation from points on this Company's lines 
nearest their homes, to the place ot examination and return, is oflered them ; 
candidates paying their own travelling expenses. 

QUALIFICATIONS OP CANDIDATES. 

SK(TTI0S III. 

1. Candidates tor admission to the first class must tie lielween 15 and 31 years 
of ago, and to the second cLiss between 17 and 23 years ot age. 

3. Candidates must, at tiie time of examination, beptiysicatlysound,of robnst 
oonstitutlon, and generallr free from any deformity, hereditary or ac<iuired 
tendency to disease or intlrmity which may render them unfit for the active 
service of this Company. 

3. Condidates must bo well versed in rending, writing, including orthography, 
Inaritliinetic, and have ii knowledge of the elements of English grammar, and 
ol descriptive geogmphy. atid of the history of the United States, 



4. Candidates will beeiaminod: ffi-i/.by twoMerlkal Esamiaersof the Relief 
Association, whose decision as to their ph)TionI nuftliflentioiis shal! be Bnal; 
secjnd, hy one or more Instructors at the Technological School, whose decision 
as to their educatiocial qu»IiSi;alJonB rhal) be Qna1. 

5. The Examining Boiirds will meet at Mt. Ckrc Station, Baltimore, on the 
first Monday o( each month, wlien thpre are eiindiiUtes foe Bsaminiition. No 
candidates will be allowed re-exam iiuition within three months of last rejection 
by either Board. 

6. Candidates who pass the physical and ediuMttinnal examinations will b« 
required to beomo members of the Baltimore and Ohio Employes' Hetief 
dissociation. 

[Anilltistrationof the character of eiamination which applicants for appren- 
ticeship will be expected to pass is appended to this order.] 



Skctios IV. 

1. In theorderot seniority of ezaminntion, and ns vacancies occur, candidates 
will be assigned to probationary duly in the particular branch of the meohanicaJ 
or other operating! department in which, throuEch inclination or aptitude, as 
determined by their esaminatioti. tliey are most likely to succeed. 

2. At the expiration of six months they wilt he re-cxarnined, and those passing 
will receive warrants oF appointment, and will be assigned to the respeotive 
classes their qualifications entitle them to enter. Those found to be specially 
advanced or apt will, with their consent, be detailed to duty at the Company's 
works, Mt. Clare. Baltimore. wh*re, in the Technological School, they will hare 
special opportunities for technical instruction. 



Section V. 
A Board lor the examination and classiQcation of all Apprentices n 



n the 



s hereby convened. Messrs. and are ilosignated 

as me members of the Board to conduct the examination as to educational 
quaUQcations,and the Secretary of the Relief Association will detail two Medical 
Uxaminers to serve thereon. The Board as thus constituted will inunediatelj 
enter npon its duties. 

The Board of Examiners will convene on the first Monday of each month a) 
Mt. Clare. Baltimore, tor the examination ot candidates ordered before it by the 
General M>inager. As the finding of this Board will be Bnal, and as a sound 
body and conatitntion, good natural capacity and aptitnde for study, industrious 
habits, persBVGniticc and an onlerly disposition, together with a correct moral 
deportment, are essential qualifications, candidates knowingly deficient In any of 
these respects should not subject themselves and friends to the chances of future 
disappointment by entering npon a career which, lacking these quuliflcations. 
they cannot succcssfnlly pursue. 

B. DUNHAM. General Managtr. 

ILLUSTRATION OP CHARACTER OP EXAftHNATIONS. 

Seltion VI, 

Physicai. Examination. 

Every candidate will be snbjooted to a rigid physical examination, and if 

there is found to exist in him any ot the following causes of liisquaiificatiMi, to 

such a degree as would immediately, or at no distant period, impair his cflicieney 

for the active service of this Company, he will be rejected : 

1. Feeble constitution lUiJ muscular tenuity ; unsound health from whatever 
can^ ; indications of former disease ; glandular swellings or other symptoms ot 
scrofula. 



2. Chronic cnUneons affections, especially of the scalp. 

3. Severe injuries of the bones of the head ; convulsions. 

4. Irapnired vision, from whatever enuBe ; irflivramatorj affections of the 
eyelids ; immobility or irregularity of tlie iris ; Bstula lachrymalis, etc., eic. 

5. Deafness ; copious discharge from the eard. 

6. Serious impediment oC speech. 

7. Want of due capacity of the cheat, and any other indication of a. liability 
to pulmonic disease. 

9. Ijnpaired or inadeqaate elflcieacy of one or both of the superior extremities 
CD account of fractures, contraction of a Joint, deformity, etc. 

9. An unusual excurvature or tncurvature of the spioe. 

10. Hernia. 

11. A varicose state of the veins of the Bcrotuiu or spermatic cord (when large), 
sarcocele, hydrocele, fibulas. 

13. Impaired or inadequate efficiency of one or both of the inferior extremities 
on account of varicose reioa. fractures, malformation, permanent lameness, con- 
traction, unequal length, etc., etc. 

13. Ulcers, or unsound cicatrices of ulcers likely to break out afresh. 

Educational Examination. 

The tollovring outline, problems, and questions are Riven as illustriiting the 
nature and scope of the educational piamrnfttions. While these iljuslmle the 
character of the examination. It ahonid be distinctly understood that differenr. 
questions will be used at each examioatiou. The esaminalions will l>e partly 
written and partly oral. 

Akithmetic. 

a. Pondamental rules, with methods of proof and reason: 
, 6, Pttctoring : Q. C. D. and L. C. M. and their applications ; 
decimal fractious, their kinds, solution, and reducliou from one to the other, 
with both the rule and the reaaon for each operation. 

e. Denominate numbers; tables; reduction, ascending and descGudiog; 
changing denominate numbers to ajuivalent deoimals. 

U, Ratio and proportion, their kinds, methods and applications. 

g. Mensuration of lines, surfaces, and solids, and their representation by 
drawings. 

/. Percentage and its applications. 

g. Involution and evolution, and their applications. 

h. Analysis of mental problems. 

Illustrative Problems and Quenfions. 

1. Write in figures one hundred and sixty billion three million seventy 
thousand and Ave. Write in words 240004050. Write in Boman numerals 
40, 90, 144 : and in Arabic numerals L. XIV, LIS, CVIII and DCCLXSV. 

S. Add two and dve-tenths, eighty-six tboiijurids. twenty-four ten-mi llionths 
and 3-tenths, multiply the result by .0002, and divide the produut thus obtained 
by .00004. 

a. Find the cost of 20 acres, 3 roods and 30 perches of land at $03.50 

4. A man sold 24^ bushels of wheat at $3^ per bushel, and received in pay- 
ment apples at $3} per barrel, How many barrels of apples did he receive ? 

5. Reduce G furlongs 20 rods to decimal of a mile. 

8. Reduce .0350 to a eominnn fniclion and ^j to u decimal. 

7. Add J. iVi ih h ^"^ divide the result by |, Also reduce to its simplest 

I,™ «i±li. 
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8. DeBne fraction, c .. . . 
number, dlvLsiou, greatest i!i 
lodg division, and denorTiiaainr. 

0. Find the prime fncCorB oC the following : 350, 31S, ( 

10. Divide tte least common multiple of S40, 7"" " 
common divisor of the Biiine numbers. 

11. Find the interest on $240 for 3 years and G montha at 6%. 

12. Ilov must I sell cloth that cost $i per yard so as to gHin 30^ 7 

13. A Biid B together have $540, and A bos twice at much as B. How tr 
hflseuch? 

14. Jot 34 is I o( what number ? 

15. What number divided bj .024 will field a quotient itt .35 T Prove. 

16. Find the area and hypothenuseol a right-angled triangle whose base ib 
BDd altitude 7S. 

17. How many men would 'be required to cultivate a field of 21 acres ii 
days of 10 hours each, if eacb man completed 77 square yards in 9 hours? 

18. If S cubio feet of gold weigh 98.30 times as much as a cubic foot of wf 
and 2 cubic feet ot copper wei£h 18 times as much as a cubic foot of water, hoi| 
many cubic inches of copper will weigh aa rnuch as J of a cubic inch of gold ? 

19. What is the effect ot dividing the denominator ot a traction by a wbcA 
nnmber. and why? 

50. What is the effect of atknexing a cipher to a decimal, and why ? 

51. IF the same number be subtracted Irom both terms ot an improper I 
what will be the effect? Why? 

32. Give the rule for reducing a common fraction tc 
and explain why the resulting decimal will bo equal 1 
from which it is obtained. 

23. Qive the rule for dividing one decimal by anotb 
decimal poinl in the quotient is placed where the rule di 

Gbaumab and its Applica ticks in Conveesation, is Lettek- ] 

Whiting, and in Composition. 

OtUtine. 

a. The parts ol speech, with their properties and inflections 

6. Analysis of ordinary aimpia, eompiei and coraponnd sentences, and tlie 

[oudamental relationa ot aubject. copula, predicate, object, etc. 

c. Punctuation, capitalization, spelling, etc., in original composition or from 
dictation. 

d. Corrections ot improper use of words, conatmctious and sentences, in ordi- _ 
nary conversation, and in composition and letter- writing. 

IlluslralivB Exercise in Oramtrtar. 

1. Name the parts of speech and define noun, adverb and conjunction. 

2. Name the properties of the noun ; of the verb. 
" "^ " ' ' ' ind who. 

n the indicative mood, past tense, pt 

5. Write the plural ot lady, turkey, this, that, bos, house, potato, n 
sheep and father-in-law. 

6. Name the relative pronouns and compare good, little, old, happy, big, thi 
and likely. 

T. ParM all the words in the following sentence : The Inrds sing merrily in 
green trees, 
8. Correct the following and give reasons ; 



', and explain why tba 






will c 



5. Me saw John and I in the garden. 



r. Who did she marry ? 

d. Between yoa and I there is bat little difference. 

e. I laid down and slept because I ntia to tired K set up. 

9. Capitalize, piinctnate and correct tlie following sentences : 

a. the Groves were gods first temples 

b, when will Yon and i t'et there 

e. John left Sew york i cannot tell when he will git Home, 
d. John, ond me and James wont to school, at Boston last winter. We 
pot home on ihursday. 

10. Write a. description o( this room and its furniture. Bo careful to capi- 
talize and punctoate correctlj. 

Geogkaph^-. 

1. Give the distance in railesaround the earth ; alsothelengthnf itsdiameter. 
How wide 19 the Atlantic Ocean ? How far would 70U have tj) travel in going 
across the Unitrf States from east to wast ? from nortli to snulh ? When you do 
not know the exact answer, put down about what t/ou think would be the correct 

2. Name Ihegrauddiraionsinorderot their size; of theirpopulation. Where 
do the moat highly civilized nations livef 

3. Bound Europe and name five of its principal rivers, telling where they rise 
and empty. Also name and locate five of the principal cities of Europe. 

4. Name the principal mountain systems of Asia ; of Africa ; of South 
America. 

5. Name the States of the United States that border on the Atlantic, and 
fcive the capital and metropolis of each. Also name the largest State of the 
United States; the smallest ; the most popvlnii?. 

6. Give the leading products of Georgia ; of California ; of Pennsylvania ; o£ 
Illinois. 

7. Locate the fallowing and tell what they are : Sahara, Washington, 
Columbia, Portland. Bhinc, Nile, and Mexico. 

8. Bound the United States, and give its areo and population. 

9. Name the politic-al divisions o[ South America. 
10- Write fifteen lines about Africa. 

11. Bound your native State, giving its capital, metropolis, and principal 
products. 

13. How are United States Senators elected, and for how long a terra ? 

United States Histoey. 
Outline. 

a. Aborigines of America, 

b. European settlements, when, where, and by whom. 
e. Colonial history, and inter-ooionial wars. 

d. American Revolution, its remote and immediate causes and results. 

e. Constitution, why and when adopted ; its departments and powers. 
/. The Presidents and events of their ad rainiet rations. 

g. War of 1813; Mexican War; Civil War, 
ft. Current events, 

Bliittrative Queatiom. 

1. Tell something about Columbus, stating where and wlien he lived, wliat he 
discovered, what voyages he made, eta. What do you think of the treatment 
that he received ? 

2. Name the different European countries that tried to get possession in 
America, and tell which three were the most anecesstul. 

3. Give an account of the French and Indian War, telling what it was about 
and how it terminated. 
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4. Write tliirtflines about the American Itevoluiim), telliog ita ctrase, nAmitig^ 
Qrc pnncifiul battles, three generals on each side, ete. 

5. What was the Declaration of Indepenilence 7 Who wrote it ? 
0. Name the Presidents ol the Uniteil States and give the leading events of 1 

Jaokmn'a tvd minis! ration. f 

7. Tell something about Franlilin, WoUe, Morse, Fnlton, Longfellow, Emer- I 

sun, Arnold, and Aleiaiiiler llAiailton. 
S. What citiu have been the capital of the Untied States ? 
0. What happened in 1492? 1505? 1807? 1620? 177C? 1870? 

10. How long did the wnr of the Rebellion last, and diirinj; whose admiuis- I 
tration did It take place ? State tbe provisions of the Fourteenth and Fifteenth; I 
Amendments. f 

11. What is the objectionable feature of Mormonism, and what measures hava ] 
been advocated in Congress to emdionte this evil ? 

12. What event is there talk of celebmting by an Interoatioual Sxrtosilioa at 
W«shinirtoninlB89? InlBM? 

13. What is the use of Ititenutional Expositions? 

NoTi. — It is suggested to candidates for adniissjun to the Corps of Appren- 
tices and Cadets that, before leaving their places of residence, they should oauss 
themselves to be thoniughlj' examined by a physician, and by a teacher or 
instructor of good standing. By such examinations any serious physical dis- 
qualittcation or want of educational preparation would be revealed, and the 
candidate spared the expense and mortification of a useless journef and rejection. 
But it is to M under^IoCHl that such examination is solely for the con veiiieuce and 
benefit of tlie candidates, and In no manner aSects the decision of the Official | 
rs of the Board. 



Exhibit V. 

BALTIMORE AND OHIO TECnNOLOGICAL SCHOOL. 
ClBCULiE No. 1. 

Baltimobg, Oelnbtr 1, 1886. 
In tIcw of tbe necessity of postponing for tbe present the initiation of tha ] 
' ■■■■■' - ■ entirety, the present o 



w of instruction I 



Technological Sdiool progm 

will be conducted with special reference to its practical utility 

First. In advancing tbe entire force of apprentices within reach ol its influ- 
ence in their several metihanical pursuits ; and 

Second- In advancing the theorelioai instruction, as tar as may be practicable 
with the limited approprialtou at command, of such apprentices as past exami- 
nations hare shown possess GuFDcient common-school education to justiff the 
hope tliat they can, without addi<:ioiial schoal -training in academic stndiw, 
qualify themselves for positions as officers in itsservice. So faros may be practi- 
cable, the work of the school shall have a direct bearing upon, and immediate 
connection with, the varionsdutiesiu the shop with which the apprentices are or 
may be charged. To this end the teehnologicai and aoadeniio instrnction will be 
carried on under separate inslructors, each responsible for the conduct and suc- 
cess of his particular department, and each reporting to the undersigued, u 
representing the Board of Directors of the Technologicnl School. 

To Mr. C. W. Soribncr, as a specialist in technology, and as senior instructor. 
is assigned charge of Ihe practical instruction of apprentices in the shops and 
drawing-room. He will be at liberty to maintain such separate olass-inetruo- 
tions in purely technical anbjects as he deems necessary to promote the interests' 
assigned him, and as will nrit ioterfere with tbe apprentices' shop and academic 
duties. In the performance of this duty be wiU spend not less than six hoars 
per day in the shops, and not less than two additional hours In the drawing- 
room, and in such class-instmctiona as he may inaugurate, Sunday excepted. 



Hi* duties as techndogicBt instrnctor will consist : 

First. Ill ezcrcisiiiK (i gaiiaral supervision ovpr erpprciitices in ttio shops And 
in appljittg their theoretical kiiowleujio lo tlicir Inhors. 

This dLitywill bo perfomied in acoardance with n plan to he agreed upon 
between the instructor and the Kvcml toremen : whioh plan must be of such 
character as will gU-e the iasti-nctor proper facilities tor overseeiug and directing 
the labors i>f apprentices, so tnr as they areleurnera. and to queetionnnd counsel 
any boy or boys while at work, ill order to determuie their understanding of 
nliat they are dbing, to lunko eipl a nations nnd to direct their operations in 
such way as to enable the apprentices to gain coniprGhensive and practical 
knowledge oF the scientiflo principles iuTOlvcd in what ihe^ may be doiui;. 

In eiercising this duly, the instructor will have no riitht or authority to 
antagonize or interfere with tlie orders o[ the foreman in charge, sn far as they 
relate to the Company's work, nor to interfera with its proper performaace; nor 
shall he, for the purp<Me of instruction or examination, unnecessarily, nor for 
any great length of time, even when necessary, retard the work which the 
apprentices are doing. To prevent contusion in the Company's work, it is to be 
understood thitt the foremen have the undisputed right to decide what work is to 
be done by apprentices and when it is to be Ooiie ; the recommendations ot the 
insEructoi; in the matter of the assignment of apprentices shall be made first lo 
the foremon, and shall be carried nut l:y them unless they are clearly in conflict 
with the interests of the service. In euuh cose where tlie instructor and foreman 
fail to agree, either in fiirmulating the plan ti>r tlieloint management of appruu- 
tiwB or apoii tlie proper intei'pretatioii and scope ot this arrangement, the 
question or dispute ehittl Iw referred to tho Master Mochanio or Master Car 
Builder, to wliom the foreman reports, and if he cannot satis taotorily adjust the 
difference, the whole matter will be referred to the General Manager tut settle- 

The foregoing applies to all apprentices at Mt. Clare Shops. 

Second. A certain number ot hours per week, not fewer thait three, shall, 
by agreement between the instructor and foremen ot the vnrious shops, be fet 
aside, in which the technological instructor shall assemble the apprentices ot tlie 
Brst class for the purpose of explaining the scieiitiflc principles Uiat are involved 
in the work on which they are engaj'ed. of suKfcesting and illustrating the most 
economical methods of work, ot showing how aifferent parts ot machinery are put 
together, and ot pointing out the office o( each part. Heshall explain why some 
other way ot construoting or doing such work would not do just as well, and be 
u economical as the way hesuggc»t». He shall point out diolculties that are yet 
to be overcome in the construction and operating of machinery, nnd, in short, 
make the instruction of such a character as to set apprentices to thinking and 
devising tor them.^elvea. He shall also giva instroction on the nature of the 
materials, and in the use and care of tools anil machinery. 

In the performance of these duties he shall have authority to utilize the 
machiiierj in the shop where the sikme is liot in use. 

The technological instructor shall study the machinery and methods of work 
now in vogue in the shops, and shall make recommendations to the foreman or to 
the Master Mechiinic or to the Master Car Builder, as the case may be. ot any im- 
provenients in the method ot work, in tools, in machinery, or anything that in 
his judgment will increase the emctency ot the shops. 

Be shall also study the shop-work with a view ot recommending to the under- 
signed what academic subjects might be taught in the scliool, and tlie best methods 
of teaching them with a view ot their immediate application in connection with 
the ehop-instructiou. 

He is eipeoted to study and make note of the capabilities and the aspirations 
nf the various apprentices, and the joint recommendations ot the instructor and 
the foreman to the General Manager, throngh the intermediate officers, as to the 
Aptness, progress. nklM and commendable traiCs of any appi'entice, shall determine 
whether his apprenticeship sliall continue tor a longer or shorter period than the 
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usual time presoriberl {four jears) ; but no boy whose standing in the atibod- 
Btudies is habitual)}- low shall have the time oF his apprenticeship redaced to less 
thiin the usually required tour years, however expert tie may become in the shop. 

Theahop-instruclorshnll.durinp the academic year (being guided bj his e«- 
perieiice and observatioLis in the shops), mnke a clasaifioiition of the regnlar 
kinds or piecpa of work which are cunatantly required to be done in the dinps, 
and on which apprentices should hare practice, and arrnn^ them in the order 
in nliich it is best to hiive apprentices take them np in learning their trade, sub- 
mitting the same to the Master Mechanic and Master Car Bnilder. 

Be shall also, during the ac-aUemic year, outline methods ot instruction and 
recommend the academic studies Ihat, in his jiiditmcnt, are most snitable fortKe 
apprentices of each tmde, and for the students of tivil and mechanical engineer- 
ing, with a view to preparing a permanent progmui and prospectus for thsi 
succeeding year, j 

In all matters relating to Che school he will rcix>rt direct to the undersigned. J 

To Mr. Coler is asiiigned charge of all academic studies, which will tor thd 
present be confined to tho several sections of first-clBss apprentices. j 

Under this arrangenieut he will spend not less than eight hours per dar in the 
discharge of his duties. Of this time he may devote one or two hours daily to 
the shops, in order to obseri'e the needs of apprentices, the work and equipment 
of the shops, so as to make the echool-inst ruction both practical and interesting. 
by drawing his illnstratinns in teaching as far as possible from machinery and 
operations in the shops where The boys are daily employed. 

The ucademio department shall include three sections of apprentices. The 
llrat grade stmll consist oC all those who are qualified to meet the requirements 
of General Order No. 5 for admission to thefirst class therein mentioned. 

The second section shall cnii sist of such apprenticps now in the service 
with u reasonable amount of teaching, bo qualified for admissiou to 1 
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The third section shall consist of all other apprentici 
ticeshipdocs not espire before January 1, 1887. 

All apprentices who receive academic instruction (Sections 1 and S) must take 
Drawing at least two hours each week. The technological teneher may also 
require apprentices who are not in these sections to take Drawing. 

The subjects for academic instruction (or tlie first class are Algebra, Geome~j_ 
try, and Ensflish and Elementary Science, 

Apprentices who are prepnring for admission to the first section aretobi 
known as second -seetinn students. 

These shall take Arithmetic inodditiontoDrawingftsreqniredatodiea,a ,^ 

shall choose a third subject from the following : History, Geography, Englisli, 
Elementary ticienie, Sttam and Steam Engine, and Mensuration. 

ApprenlieeBof the third section are required to take Druwingot least two hours 
per week. They mny at any time enter either ot the other preparatory sections, 
provided those sections are not already full, and provided they are qualified to _ 

Srofit by the instruction to be given in the cLlss, which last is Lo be decided ^ 
It. Coler. 

Students ot the third section must attend the tree city night schools n 
to their homes, and it shall be the duty ot Mr, Color to see that this requiremei 
is fulfilled. 

Each teacher shall make a weekly report of how much time he has spent i 
each shop aud school-room, tlie character of teai'hing, results, etc. 

Each to report directly to me, but to recommend jointly anything that relaU^ 
to their two departments. 

W. T. BARSARD, Assl. lo Freaidtul. \ 
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; tliii course to lie five to ail ftppreu 
pnpMtarj for the Cadet course for joan^ men whose 

KgHod, but wbi>De«d pre(ttnitot7 tniatng. 

Achas at Oadrts for kdvajiced techniol instruction in such 
bMX npon the Jeputments of milwaj service in which the; nn to 
the oivrt of thif uMUse being to fit roung men to bccnme (iircii>eii nnd 
■ttbordinkte pmtioD! ; this clas to be compowd o( Apprentices or other 
Ml vte AaH pue » required examination knd presriit testimoiiiult ol 
•d i-«iMw*w; « remsoiMble tuithn to bo charvrd for this oniirM. 
HCore ta tha mrice as Cadet officers a limited number of founp men 

£ svperior abilit7 and educational qaalificatirais. towhom th<tr(iU(>fa nnd 

.joaprehensiie technical ioftrucdon ^ould be aftoided, while nt the Mime lime 
these 70U11S men should iset acontprehensire and practicitl knawli'dfce nf tlie 
Tarious departments ol railtray service and the niutiud rektloiisol thecede^nrC- 
meats: the object ol this course being lo fit the Btndeiits for the highest posi- 
tions of respous-btlitT in the serrice. 

It is with these euils m tIcw that we have been fcuidcd in tha manngeinont 
or the school, and our plans have all along contemplated an early or;;iiiiiiiktLoii 
o( the Cadet Class. With reference to the Cudet Omcers" Class, we have under- 
stood that it was y^ur policy not to admit young men to llml course of sliidy 
oiitil they shall hare completed the Ciidet course and thus have demonslmted 
whether it will Ijo proflti jile to the company to continue instnicUon to tliein. 
We have not, therefore, undertaken, except in a general way, to forecast the 
su^ieGta o( study and the management of that class. 

That there are substantial reasons for the apparently slow projrress wo have 
made, and that we have uevenJietess worked out resulla and gained experience 
that will be far-reaching in their economic value and otherwise beneficial coiise- 
quenoea, providing it ts tijought best lo cniitinue the Kiliaol. will appear from 
considerations and facts to be set forth in detail in what fullowa, 

In February, 1885, one hundred and forty-seven apprentices, then In ths 
service at Mt. Clare, were examined by Air. Scribner and myself, and In July 
and August of tbe same year Mr. Scribner and llr. SnllivKn examined aliout 
three hundred and fifty apprentices in the shops along the line. The results ot 
these examinal ions went to show that not one of thefli'e hundred Imysaiid young 
men in the various re^ir and construction shops was sufllolently advanced to 
pursue technical studies with profit to the Company and to hiinsolt. We 
were greatly surprised that among so many boys there should lie found such 
nuiform deficiency in the most elementary school-studies. Combined with this 
lack of elementary knowledge was a corresponding lack ot Inclination on the 
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pnrt of these apprentices to make of theniMlveit anything more than nrdlnBty 
routine and rule-«f-thuinb Tnechantcs. It muse be eTident that such apprentices 
will require constant supervision in even the eiroplfst iletulls nt their trudes, aiitl 
that when they Income journejmen tliey will be untrust worthy and nn progressive. 

Thinking Ihut perhspa n few ot the most promising Itoys iniglit, by receirinj; 
preliminary training in niRht-dasses for six months or ayenr, be prepared for 
Ehe more elementary technical studies, we determined logire Ihem instruction in 
the rudimeniB ot grammar- school branches. Having seuiired an order from the 
Qeiientl Manager to this effect, we required about forty boys to attend nirht- 
[■lusseH from the Hrst of Slaroh to the twentieth of .Tune, tSSD. This was ague 
with the hope that all might proQt to a certain extent by the elementary instnic- 
tion thus afforded, and that from these forty boys there might be a dozen or 
more who would work their way up bo as to proHt by the teehnioal course we 
had ill view for apprentice ; but a short experience convinced us that for the 
most of these boys the altenjpt was made in rain. Some would if they could ; 
others could if they would. Only three out of these forty apprentices have 
made commendable progress in all the school -studies, though none ot Ihem ate 
any the less valuablo to the pon'icB for having been required to attend the 
clashes, nnd several have done well in drawing in spite ot their deScieucies in 
academic studies. 

It would be wrong to attribute the failure of the«e boys to advance in 
theoreiical studies wholly to their inability or unwillingness to profit by the 
class-instruction that wils offered them, It should be n'inemhered that in 
addition to their not having previously formed habits of sludy^a fault ot 
their parents and former teachers— these boys came from daily associations in 
the shops, the very utmofpliere of which was discouraging to efforts for mental 
improvement; for the idea that a workman should pursue school-studies has 
aimost invariably been ridiculed in the shops,— aud ridiculeisapt to dampen the 
ardor of students who hare not ndvanced far enough in studies and esperienoe 
to appreciate the importance ot education. Moreover, tbe work of instructing 
apprentices was new to the teachers, and we made some mistakes, one ot which 
was an iittempt to put all boys through precisely the same kind ot traiRing 
without regard to individual aptitudes. 1 think, too, that the work at first 
attempted whs too severely mathematical for apprentice studies. Dry, abstract 
mathematical drill will not interest apprentice novs, uor make intelligent, think- 
ing mechanics ot them. With tlie exception ot drawing, we did not succeed in 
gidng the instruction enough of a tangible and practical bias to encourage boys 
to take an interest in our classes. 

From iny own experience and study of the subject since my connection with 
this school, nnd from the testimony of teachers and employeifl in Europe who 
have made similar attempts, I am convinced that while it is possible and desir- 
able to educate apprentices in technical subjects during apprenticeship, even 
though the iristnittion be wholly confined to night-classes, it is equally certain 
that to try lo educate boys who h ave not formed habits ot study before entering 
upon apprcnlieeship is a useless waste ot time, patience and money. AlthongS 
there may be exceptions, the results are usually very meagre and uusatistactoty. 

Since Mnrch, 1885, there have been, in accordance with your plans and 
instnii'tions. regular educational esaminntions every month, except July, 1H86. 
of applicants for apprenticeship ; and, with two or three exceptions, no boys have 
bean admitted to iipprenticeship at Mt. Clare without first trying this examina- 
tion. At first we hud to make the standiLrd ot requirements very low, in order 
to get enongh boys to supply the demand for apprentices ; but there has been a 
gradual, though decided, erevation of that standard, so that at the present time 
none can be admitted nlthnut a fnir knowledge nf the rudiments of elementary 
English branches ; nor then without demonstrating some ability to think, anil 
expressing a wilUngness to avail of the school-instruction by regular and prompt 
atleiidanoe at the classes it admitted to appreni iceship. 

s the result of these examinations] we had, when the school year began in 
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October, 1886, about thirlrf apprentices capable oE puraaing more ttdrAnced 
studies. Oiiided sorQewhn.t bj out eKperienco the preceding term, and proBtin^ 
by obserriLtions that 1 hod made in the rnnnnGement ol work iagm en's und 
upprentiee schonls in Europe, we uude some deoidod ohanges in the siibjecta and 
methods of instruction. Classes were fornjed in drawing, in mothematiea, in 
the stud; oF the locomotive engine, and in [ihjsias. Instruction was also giren 
in English and in history, and a few olaFses were still sustained for the elemertt- 
ary instruction of the forty boys who hod been in the school the ptevioiis term. 
These olnsses, with some chatigesand additinns, were sustained during the school 
ye^r ending in June, I8§6, and about eighty different boys, more or less advanced, 
cecetved iimruotion daring that year, all of whom were required to take drawing 
and to choose at least two academic studies. In addition to the general class- 
ioatmction, Iwys were encouraged to read many books on general and teclniioiil 
siibjeats, and a few ot them were induced to take an interest in the scientific 
and mechanical journals which come regularly to our library. We also liad a 
number ot science lectures illustrated by simple experiments. These eserciacs 
proved both interesting and instructive to the boys. 

For a more complete and detitiledatittemetitoC the academic work undertiLken, 
and which withxame modifications was citrried out in the school year ending 
June 1, lS8a. I respectfully refer you to my report of Oetolier 9, 1885, a copy of 
whioti I hand you herewith." But the work accomplished by the school for that 
year was by no means conHned to academic Btudies and class-instr notion. 
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It bds been our conatant endeavor t'>oan7 the instmction bejond the .. __. 
room into the shops utter the manner set forth in ynur schonl circular of 
October 1, 1885, [Kxhibit V.] Owing to difncuU.ieB which are obvioas and in- 
herent to such [in uDilertiiking:, our progress in thia direction hns been slow. 
Something bus been done, however, in the wnj of supervision iLud systematio 
instruction of apprentices in the shops, luid our experience in this direction I 
regard as invaluable, so fur bs it has gone. 

Investigations in the shops by conversntions and observation have developed 
the tii,ct that many boys and young men bud completed or almost completed 
their apprenticeship in the macbiue-shops without bein? able tn tell the differ- 
ence between osat and wrought iron, without knoning whether sleel is a native 
or msputactured product, and equally ignornnt oC mitny other simple though 
important and signiQcant facts which are intimately related to their trades. 

In the performance of his specifled duties as shop-instructor, Mr. Scribi 
made a study of the various trades, machines and processes in the shop?, and of 
the successive steps in apprenticeship, wiTh a view to recommending 
of shop iiistniction that should be parallel to the theoretical studies taught ia 
the school. By short, pointwl conversatinnM with the boys while at tiieir 
machines^ which did not at all interfere with the work they were doing, the 
shop-instructor was enabled tn set boys to thinking intelligently about the 
machines and the work upon which they wei-e enjjagcd. In this way the class- 
room instruction could often be immeiliately applied, and apprentices were 
directed to books and mechanical journals where thuy could get still further 

Mr. Scribner also took groups of boys from machine to machine and from shop 
to aliop for the purpose ot studying machinery and mechanical processes in 
detail and in their relation to each other. Attenlinn was called to Ihe usesot the 
machines and the aoientiflc principles involved in their construrlioii und opera- 
tion, and one cla<4 of advanced boys were thus permitted to supplement their 
class-room study of the locomotive engine by seeing its parts and the successire 
steps of its construction.* 
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iftBlruotion for the school nnd lor the slinpH of gueh a i-hftracter thai ti 
work will ci'cate and intFiieifir iiiUretl. in ine school-work and i-ie* reraa, 

la the mnnacement ft Lhe Mt. Clura school we have endenruivJ to g«l b , 
intercEled iti roiulin^ the history and development, and in kiiowiiiK soineihiiHij 
oF the prerant Etatiis, ot thi^ir several trades and industries. It is rcnsoiinble tl 
expect iho workers of iron and steel to have some knowledj^e of thn hlfilKry of 
the iron oikd steel industrips : that elect I'icians should know the nnst, present, 
Aud prospective future ot electricity ; also, that engineers should kuow about 
the history of the stenm engine and the vnrious steps in the invention am' 
improvement of it This me:thod of qwoial hisloricii! Mudy and InvesilRatloL 
of industrliil Mihjects will serve the two-fold purpose of promotiog intellipeqM 
aud Btirnulaline' and directiil^ inrenlion. The workman who has Invon^^ 
genius will he much more likely to develop it and t« avoid u-asti 
what hns been alr«arlj workeil out, if he known what hiis been done in past ai 
in the field of his specialty. 

One of our gre«t difficulties is to find bonks that will furrdsh both in- 
terastin^ aud proBtable technical reailiiii; tor buys who are to become railway 
mechanics or operatives. A literature for apprentices needs bt be written. 
Another hindrance to our work is the absence of text-liooks bearin;; on milwr"^^ 
industriea. The olflciency ot &ny industrial school is dependent upon the Hdapt 
tiou of text-books to the purpose tor which the school was established. Oi 
teachers have had to work up new subjects for class-iiiFtmotion, and tliey oft< 
feel the need of text-book* on these subjects. It such schools become Mmmo^ 
■ suitable teit-books will no doubt be forthcoming from enterprising iniblishers. 

Instruotion for appreiitices most at first deal with tilings immedintely aroanil 
them and proceed from these to things more remote and general. I am quit* 
certain that the way to success in such a school as we want to establish at Ht. 
Clare for regular apprentices, and even for Cadets, lies not so much in the class- 
room drilla, valuable as these may be mode, as it does in each leather's ascer- 
taining the special aptitudes and inclinations of the different boys, and theni 
when that aptitude runs in the direction of the teacher's specialtv, in its being 
developed to the highest i>osai bill ties by class-instruction, by a jndicious course 
of reading, by shop practice and instruction, and by personal influence iti cou- 
versations and otherwise, of the teachers upon the students. 

With reference to what the school is accomplishing this year, I am glad that I 
can report satisfactory results, considering the di sad van lagea under which we are 
compelled to work. As the result of the educational eiaminBtion and the induco- 
ments which the Technological School offers toasriiring bnysand young men, we 
now have at Mt. Clare, in the shops and enrolled in the scbool, alwut sevcntv ap- 
prentices whose ability is good and whose early eduentlon lias not been wholly 
neglected. Instruction is given in Drawing, Descripti^'e (jeometry. Physics, 
Mechanics, Algebra, and Geometry. There is a strong demand tor classes in 
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and Bkill, and the demand for ^oung men Bpeoiflcally qualified for oertatn pod.- 
tions is now greater than we can supply. 

The educationul requintmeiits for apprenticeship have greatly imprnved the 
ohariLcter and ability ot apprentices at Mt. Clare. That industrial ccirporatioiis 
Ahould recognixethevalueolcomiaon-schtiol training to such an extent as tomak« 
educational iiualiflcatione aconditionof admission to theirshopefor the purposeoF 
learning a trade, is an important movement in both education and inuustrf. I 
would recouimeiid that the monthly educational examination be extended, under 
the management of the school, tosliopsalong theentireline. This can be done bj 
■ending the qneatious each mouth to the managers ot the various shops, who 
Bhouldsee that the; are submitted to appliuants tor apprenticeship. Thepapen 
oould thoti be sent to Ut. Clare to be looked over, graded, and returned to the 
proper authoritiea. The standard would ot course have to be very low at first, 
but it could be elevated from month to month. The expense in this matt«r 
-would be insigniQcant conipareil with the im]>nrtant economic reault* that 
could thus be attained. 

In oonolusion 1 will briefly summarize what has been accomplished by th« 
sohoot and its management since It was inaugurated : 

I. The examination ot 147 apprentloes at Mt. Clare, and ot 350 apprentices 
along the line, wlio were in the service when the school began. 

a. The niaintenanoe since March, 3885, ot an educational examination as a 
condition ot admission to apprenticeship at Mt. Clare. 

S. The instruction indrawingaciJ in elementary subjects ot about forty appren- 
tices who had been received into the service before the inauguration ol the 
eohool. 

4. The admission to apprenticeship of more than 100 hoys, many ot whom had 
already laid the tomidution for technical training. Some of these young men 
do the work of journeymen, for which they are willing to receive very low wages 
on aooount ot the school -instructian. 

B. For more than a year we have been giving these young man the very beet 
teohnicul training in drawing, deocrlptive geometry, physics, mechanics and the 
locomotive engine, besides in the more general subjects of algebra, geometry, 
bistory, English, etc. 

0. Uur teachers, in their endeavors to make their instruction practical, have 
gone into the shops to study the machines, trades and manipulative processes, 
and to become acquainted with the boys while engaged in the performance of 
shop-duties. 

7. Shop- instruction and supervision on a practical and systematic basis has 
been attempted, and to a certain extent oarried out. The experience thus gained 
will be invaluable in future. 

8. A number of problems, drawings, etc,, have Ijeon prepared by our teachers 
from data gathered in and aliout the sliops, and the use of these enables the 
instrnctors to make the instruction much more inleresting and prolltable than 
it would have been had the irsstructors relied solely on the use of test-liooks. 

9. The nucleus ot a physical laboratory for clasa-iustruction and ciperimenU 
by students hos beeu formed. 

10. A clnssification ot the various stops ol apprenticeship has been attempted, 
and some headway has been mode tiiwnn! that end, with a view to correcting 
errors in existing methods ot apprentice- work and adapting the school-instruction 
to the wants ot the shop. Efforts have also been maife toward working ont 
eystematic platis of ehoji-inst ruction for educational results. 

II. An important and extensive collection of scientilic and mechanical books 
<tnd magazines has been carefully made for tlie library. 

12. Apprentices have, through the school, been brought into intimate relations 
with the library, and have thus been induced to do a considerable amount ot 
neeful reading. 

13, Although we have not yet succeeded in putting the Cadet classes into 
Operation, much prejudice has been ot-eicome, and many who at first did not 
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believe in soch a school have been led to see that school-ins tniction as snpple- 
iiieutarjto apprentioesbip is both possible and desirable. 

U, The knowledge oE the maintenance o( such a school by the Baltimore and 
Ohio Compftay has spread through the c-ommuiiity and the country at large, and 
has gJTea the oompany credit for manifesting a tangible interest in the welfare 
of its employes, and for thua adopting efficient and practical msasures toward 
the effectual solution of labor problems. 

Already otiier railway companies have indicated tbeir intention to adopt 
certiuii features of our school-work in their shops. 

15. Finally, the manHg'ers and teachers of tbs school have gained much 
practical. experience that will be of great seroioB in the future management of 
the sohool. The way has been prepared far the organization of the Cadet 
clBi^ses. und young toeu are ready to enter upon advanced courses of study as 
soon as these classes can be organized- 
Very truly yours, 

U. P. Ooi.na, Prineipal. 

DEPARTMBNT OP DRAWING. 
G. P. CoLBR, FHncipal. 

Dear Sir :— When the instruction of appteutices in drawing first began, but 
little oould be accomplished, owing to two onuses: Ist. The character of the 
students; 2d. Lock of facilities. With onl/ a few exceptions the students 
then in the school were those who had lieen for some time in the service, who had 
entered simply Cor work, and not with any idea or desire Cor "sobooling," 
and who hod been conditionally admitted to the school on an entrance grade 
tar below the regular passing-mark. Their capacity for instruction was so 
limited as to render any attempts at it very discouraging. No drawing instru- 
ments were obtained for sonie time, and consequently no mechanical drawing 
was done at first, and the instruction consisted entirely of free-hand drawing. 

Since then the oondition of affairs has ohangeii very much for the better. 
Drawing instruments were purchased and otlier facilities provided. The work 
in (ree-hand drawing is now equipped with a set of Prang s Drawing Models, a 
partial set at compressed paper "modifies en relief," and a few other models 
made at the school. The work in projective drawing is illustrated by a set of 
models showing the intersections of various geometrical sol ids by planes or by other 
solids. The most of these last-mentioned models were made by niyselt, and the 
list is rapidly being increased. The work in mnohine drawing is aided by a set ot 
Thorne's working drawings which illustrate the best methods of praotics. 

The grade of Che entrance examinations is now more rigid, and the larger part 
of the old students have either left the school, eompletsd their apprenticsship, or 
have been dropped from school-work for incapacity. Raising the grade of the 
scbooS-work is haviiig a very noticeable result in the corresponding improvement 
in tliecharacterot the apprentices now in the service. Of those who have entered 
the service since the organization of the school , the majority are young men who 
would never have entered as apprentices except for the school, and it has come to 
my personal knowledge that some ot the best of them are only continuing in the 
service in. the hopes of the speedy ealargament of the facilities of the sohool. 
There are some oases of students showing an aptitude for drawing amounting 
almost to genius, and who already do work which, on the scoTe of neatneaa, win. 
compare favorably with that of the majority of professional draughtsmen, and 
who only need additional training in the technicalities of draughting to make 
them proficient draughtsmen, and valuable Tnatcrial from which the oompnny 
may recruit for their drawing-rooms. Oneof the appro ntioes has already been 
advanced from the machine-shop tothedraughting department, and only reoently 
we had occasion to recommend another apprenCioe in answer to a call for another 
atndent for the same purpose. 



On Pebmarj 1, ISSQ, there were 78 studente in the drawing olus» of fbe 
school. Of tlie^ 30 are still in the school. The remaining 48 have either left 
fur cause, or have l«en dropjieil Trum school-work l)ecanse thej showed an 
incapacity or unwilliugnuss to learn Chat made it impolitic to waste further 
energies on them. There are at present 5S students in ihe various drawing 
classes. The number is steadily increasing, the additions being invariably of a 
much higher grade than any of the apprentices were at the Formation of the 

The course in druwlng now consists of a [IrsC-jearclassingi-ometrica) drawing^— 
a second-year class in projective drawing, a third-year class in machine dra— '-^ 
a class in free-hand drawing, and a class in descriptive geometry. "" 
tion is almost entirely "Individual" instruction rather than " cla 
lion — this plan rendering it |>ossible tor each student to progress a 
nbility warrants, and atlowiiie his work to be slightly varied as his lutiu 
requirements may demand. The drawings sent to you not long ago are a fl' 
exponent of the system of dntwiiig at present followed in the school. As so 
as a proposed sectional model of a steam engine can be obtained, the instructioi 
in moohme drawing will be amended to include the making of working drawiof 
direct from the models. The class in machine drawing is new engage' 
the subject of spur gearing, and this will be followed by work in bevel and i _ 
gearing. It is intended ultimately to give a systematic course in macbiia| 
design. Very respectfully, 

Waltkb L. Webb, 

Der-^m/ier 31, 1838. Inalruelor »"i 

DEPARTMENT OF MECHANICS AND PHYSICS. 
Q. P. CuLKR, Prineipat. 

Dear Sir : — Instruction in aiience was not begun until the school had been b 
operation tor some time. A class in physics was first formed, and this year on. 
in mechanics was organized. In addition to this regular work, occasional leclurei^ 
have been given toother classes or to the whole school. My coiinection with the 
school began February last. There have been under my charge about seventy 
appreuiices, hi classes ranging from twelve to thirty members. 

The aim has been to impart a knowle<lge of some of the elementary and funda- 
mental principles and laws of the Bubjeots considered, to illustrate them by 
experiment, to direct attention to their important applications, and especially 
to awaken an interest in this kind of study and cultivate habits of thoughtful ness 
andadesireforan intelligent nnderstandingot the tilings which fall immediately 
to the notice of the student, such as the principles involved in the machinery he 
uses. It has t>een borne in mind also that these subjects are the necessary 
foundation for subsequent stndy of mechanism, the steam engine and other 
advancedandlechnicalsubjects, and espcialattention has therefore been given to 
those topics which are of most importance as preparation for such subjects. 

The method of instruction tias been rather an experimental presentation of the 
subjects at hand, together with questions and class discussion, than ordinary 
text-book recitation. The bo^fs have naturally shown a particular liking for 
experiments, and this has been encouraged by the introduction of such experi- 
ments as have been practicable. They are not made mere shows, but are pre- 
sented in Bucha way as to demand careful consideration of the methods employed 
and the results obtained. The class in mechanics, for example, arrives at 
principles and laws as the result of experiment ; these are then applied to the 
solution of problems, many of which are to be determined both by the law and 
as the result of special experiment. Among the latter may be mentioned the 
determination of the pressures of variously loaded beams upon their supports, 
and of the tension on the tie-rod of a crane of given form when supporting a 
known weight, A considerable part of this work is performed by the wjv 
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Rbc«2s cf d<ifc>rfcc wii^ miu :iu>i nr^^'^k^u 



ttftTe ^go5ad s> Bake lise resells je6$ $;tti$£lk^^>r^ yIkki lin^T 

nrnfnfntg is. Tsy kfai cf v^rck aoi u« prKia:7Hi vxi> foe viua i? 3K>$t <^I«atiKl:4^ ; 
iht cSaises bftxe ^:<Jxbi will zT%5ed. Sir>i ibaa vhieh i$ too *dr:K^>ed &.V :si>ni# 
ii aimdr vsj fars: i>r ic ouhs : the ACieodAoce h*$ tiwa ixkjbdi^ irmrUi^r ;iu>d 
die tise fbr srsir ▼hith. s lansrp at hes5» has Iwea swiocsCr uitifr^w^ wwh 
br i:i£iL::>v<=zk in ibe ^r-fis : there bas heiKi aimers so arf«ias;2$ exc^p: ihal 
euc atra eted wrih Iisiied faeilirses br ibe izs^^roctor. Ooe of the nx>^ T^tt*K« 
icnhs. br-P^Ter. is it* cbans^ in ihe aniiade of ihe Ix>ts as a class towaxvi study 
and scboTji-wirk^ Ac firs^ ii seezaed ihai the bors a^seoded iheir cla:«%;(e$ sim^^T 
beeaose tb»T ^vere c«npell«d lo do so : thej maiixfesied liitle detsin^ 6>r anTthiQ^ 
betier ihaii z>x ^^ p> to schco^. It vas then a diffioult master to eti^n Kv>Id the 
ancctk>a oC a class. During las( jear there was marked impiotvment in schi>lar> 
sh^> and interest, which was, 1 thmk. furthered br ivcasxooal visits to the shi^^ 
and ^tort talks with the bojs GODceming their school and shop-wv^rk. This rear 
opened with fresh earnestness and spirit. The improTement made br tinxM 
attending last jear. and the snperior class of apprentices who have recentlr 
CDtoed the service man j of whom hare dooe so espectallj to avail of com- 
bined shop and school advantages t. render the instruction much more satisfaotorr* 
both as regards the grade of the work and the spirit with which it is done. 

The nuurked change which the school has undergone during the (^ast tvar i$« 
in mj estimation, a matter of congratulation and gratifying surprise. The 
influence of the school in raising the character and general intelligence of tht^ 
apprentices, their ambition to improve, and their increaseii eamestne^^ cannot 
biit lead to most satisfactorr results in their value and efficiencv as workmen. 

Very respectfully, 

Chas. P» Scott, 

Deeember 31, 1866. In^rucior in Mechanic's ami Ph^Mc4. 



Sxhibit X. 

This exhibit contains a graphical representation (pp. 68-9"^ of Baltimore's 
school system as it is and as it should be. It will be seen by the first diagram 
that the provision for indnstnal training is practically nothing, and that thore is 
no connection between our school system and the university. But little more t han 
one-half of the children who enter the primary grades ever pass into the gratuuiar 
grade. Some of the others enter private schools, but very many of tliem quit 
school to reinforce the ignorant, the vicious, and the criminal classes. One 
reason of this is that their parents do not see much in the graiumar-schix^l 
course that will be of use to children who have to make their living by manual 
labor. In addition to the subjects that are now taught in the grammar gnules, 
there ought to be practical instruction in industrial drawing, es^teriuiental 
science, and physiology and hygiene. Instruction should also bo given in tho 
grammar grade to girls in cooking and sewing, and to boys in the use and oare of 
tools. "With such additions to the grammar-school studies, more Ih\vs and ffirl* 
would be induced to complete that course, and thus bo fitted for high-soluwl 
studies. Those who from inclination or force of ciroumstanoes left schot^l after 
completing the grammar-school course, would enter upon their lifo-work with 
a fair amount of elementary education and with habits of study sutlloiontly 
well fixed to make self-improvement possible. 



BALTIMORE SCHOOL SYSTEM. 



Diagrams representing by areas the attendance as it is and as it should be. 

AS IT IS. 

J. H. University. 

E]' 



High School. 
1,800. 



Manual Training 
School. 




160 



Grammar Grades. 
15,000. 



Primary Grades. 
24.000. 



Scale 4,000 to square inch. 

* The diagrams show the University In its relation to the city school system, without 
regard to other sources from which students are drawn. 



AS IT SHOULD BE. 



/. 71.l/nii<emtii * 



High School. 



Induntriah 
3.000. 



Lilfrary. 
3.000. 



(irammar Grades. 



24.000. 



Primary Gradtf. 



82.000. 



•See footnote, p. 08. 



Scalo 4,000 to square Inch. 
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The grammar school should fit boys and girls for either a literary or an indus- 
trial high-school course, and for such art schools as the Maryland Institute. 

The literary high school fits young people for commercial pursuit s, for law, 
medical, or theological studies, and for college courses. It is certainly only fair 
that the school system should make equal provision for the preparatory training 
of those who are to become mechanics, architects, engineers, etc. , and thus fit them 
for the higher training that is afforded in purely technical schools. The literary 
high schools of Baltimore cost $75,000 a year, while only $12,000 a year is 
allowed for industrial training in the Manual Training School. 

The literary high-school course should continue as it is, with some slight 
modifications. An industrial high school should be provided for on a scale as 
large as the literary high school now is. The course of study should include 
manual training, industrial drawing, applied science, mechanic arts, book- 
keeping, and history, •government, etc., together with some literary studies. 
There ought to be a close connection between the literary and industrial high 
schools, so that students could change readily from one to the other. Some of 
the classes might be in common with mutual advantage. 

The Johns Hopkins University should be considered as a part of the Baltimore 
school system, and its crowning glory. To maintain this position it should 
afford instruction in applied as well as in pure science. 
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